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PREPARE

Main Ideas

In this chapter students use
proportions to identify similar
polygons and find the scale
factor between two polygons,
they use a scale factor to find
corresponding lengths in similar
polygons, and they use the

AA Similarity Postulate, the

SSS Similarity Theorem, or the
SAS Similarity Theorem to
determine whether two triangles
are similar. Also, students use
proportions and the Triangle
Proportionality Theorem or its
converse to find the lengths of
segments related to triangles

or parallel lines. Finally, students
perform dilations that are
reductions or enlargements and
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Previously, you learned the following skills, which you’ll use in this chapter:
using properties of parallel lines, using properties of triangles, simplifying
expressions, and finding perimeter.

they verify that a figure is similar

toits dilation. Prerequisite Skills

VOCABULARY CHECK

1. The alternate interior angles formed when a transversal intersects two
?_lines are congruent. parallel

2. Two triangles are congruent if and only if their corresponding parts
are _? . congruent

SKILLS AND ALGEBRA CHECK

Simplify the expression.

- 20 3+4+5 1 23+8) 2
222L 12 . SRl Sua IS . <
3. 15 4 6+8+10 2 6 77 7

Find the perimeter of the rectangle with the given dimensions.

7. L =5in,, w—lZin 8. [ =30ft, w—};ogt 9. A= 56m,£=3%m
m
10. Find the slope of a hne parallel to the line whose equation is
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In this chapter, you will apply the big ideas listed below and reviewed in the
Chapter Summary. You will also use the key vocabulary listed below.

Big Ideas

@ Using ratios and proportions to solve geometry problems
@ Showing that triangles are similar
@ Using indirect measurement and similarity

KEY VOCABULARY

« dilation « similar polygons « center of dilation

« scale factor of a dilation « scale factor of two similar « reduction
polygons « enlargement

'  Why?

You can use similarity to measure lengths indirectly. For example, you can
use similar triangles to find the height of a tree.

Animated Geometry

The animation illustrated below helps you answer a question from this
chapter: What is the height of the tree?

' pf If a person who is 5.5 ft tall casts a shadow of 7 ft, how tall s a tree with a shadow of 102 ft?

-

55 _

7 102
ft

Round your answer to two
decimal places

’—ﬁ\j’
ss‘ﬁ

—7ft—

02k Check Answver

You can use proportional reasoning to

Use similar triangles to write a proportion. | 4
| estimate the height of a tall tree.

| Then find the value of x.

Differentiated
Instruction Resources

- Reading Strategies

- Differentiated Instruction
Lesson Notes

* English Learners Lesson Notes
* Inclusion Lesson Notes

- Teaching Strategies with Sample
Worksheets

« Using Technology in the
Classroom

* Tips for New Teachers

» Math Background Notes

- Assessment Strategies

- Teacher Survival Activities
« Bulletin Board Idea

Prerequisite Skills

Skills Readiness, available online,
provides review and practice for
the Skills and Algebra Check por-
tion of the Prerequisite Skills quiz.

@ijt&’ Geometry at my.hrw.com

How student What to assign

answers the from Skills

exercises Readiness

Any of Exs. 3-6 Skill 10 Simplify

answered fractions

incorrectly

Any of Exs. 7-9 Skill 36 Find

answered perimeter

incorrectly

Ex. 10 answered Skill 76 Use

incorrectly slopes of parallel
lines

All exercises Chapter

answered Enrichment

correctly

Additional skills review and
practice is available in the
Skills Review Handbook and the

@HomeTutor.
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Warm-Up Exercises
Also available online

12 _ x
1. Solve 0" &0 72

2.The scale of amapis 1 cm: 10 mi.
The actual distance between
two towns is 4.3 miles. Find the
length on the map. 0.43 cm

3. A model train engine is
9 centimeters long. The actual
engine is 18 meters long. What is
the scale of the model? 1cm:2m

Notetaking Guide
Available online

Promotes interactive learning and
notetaking skills.

Pacing

Basic: 2 days
Average: 2 days
Advanced: 2 days

Block: 0.5 block with previous lesson
0.5 block with next lesson

- See Teaching Guide/Lesson Plan.

FOCUS AnD
MOTIVATE

Essential Question
Big Idea 1

If two figures are similar, how do
you find the length of a missing
side? Tell students they will learn
how to answer this question by
solving a proportion using the
lengths of corresponding sides.

358

You used proportions to solve geometry problems.

@278 You will use proportions to identify similar polygons.
So you can solve science problems, as in Ex. 34.

6 'l Use Similar Polygons
[ ]

Key Vocabulary

« similar polygons and corresponding side lengths are proportional.

* scale factor In the diagram below, ABCD is similar to EFGH. You can write “ABCD is
similar to EFGH” as ABCD ~ EFGH. Notice in the similarity statement that

the corresponding vertices are listed in the same order.

Corresponding angles

Two polygons are similar polygons if corresponding angles are congruent

c /A=/E /B=/F /£C= /G,

andZD=/H

ABCD ~ EFGH

Use similarity statements

In the diagram, ARST ~ AXYZ.

: READ VOCABULARY

i In a statement of

: proportionality, any pair
: of ratios forms a true

; proportion.

a. List all pairs of congruent angles.

b. Check that the ratios of corresponding
side lengths are equal.

c. Write the ratios of the corresponding side
lengths in a statement of proportionality. R

Solution

a. LZR=/X,/£S=/Y,and L T=~<LZ.

\/ GUIDED PRACTICE  for Example 1

358 cChapter6 Similarity

Ratios of corresponding sides

1. Given AJKL ~ APQR, list all pairs of congruent angles. Write the ratios
of the corresponding side lengths in a statement of proportionality.

LJ=sP LK=,0,2L= ZR;

JK_ KL _ LJ

PQ~ OGR™ RP

© Royalty Free/Corbis



SCALE FACTOR If two polygons are similar, then the ratio of the lengths of
two corresponding sides is called the scale factor. In Example 1, the common

ratio of % is the scale factor of ARST to AXYZ.

Find the scale factor

Determine whether the polygons are F 16 J 7 0w
similar. If they are, write a similarity
statement and find the scale factor of 20 12 25 15
ZYXW to FGH]J. H
24 X
) 6 30
Solution 14

STEP T Identify pairs of congruent angles. From the diagram, you can see
that £/ Z= /F, /Y= £G,and £X = ZH. Angles Wand J are right
angles, so £ W= /]. So, the corresponding angles are congruent.

STEP2 Show that corresponding side lengths are proportional.

FG 20 4 GH 24 4 H 12 4 JF 16 4

The ratios are equal, so the corresponding side lengths
are proportional.

» So ZYXW ~ FGHJ. The scale factor of ZYXW to FGH]J is %.

Use similar polygons

: ANOTHER WAY

: There are several ways
to write the proportion.
: For example, you could
: DF _ EF

write WP NP

ALGEBRA In the diagram, A DEF ~ AMNP.
Find the value of x.

Solution 20

The triangles are similar, so the
corresponding side lengths
are proportional.

MN _ NP

DE — EF Write proportion.

12 _ 20

9
12x = 180

Substitute.

Cross Products Property

x=15 Solve for x.

\/ GUIDED PRACTICE  for Examples 2 and 3

In the diagram, ABCD ~ QRST. A 12 B

2. What is the scale factor
of QRST to ABCD? % x

(3,
jm
)
(-7]
» = 3

3. Find the value of x. 8 D 6 C T

6.1 Use Similar Polygons 359

Motivating the Lesson

Tell students that a football coach
uses a whiteboard to show players
new plays during the game. Ask
students if they think the whiteboard
should look like a scale drawing of
the football field.

€ TEACH

Extra Example 1
In the diagram, A ABC ~ A DEF.

B E
25 20 35 28
A 30 c
D 42 F

a.List all pairs of congruent angles.
/A=/D,/B=/E /C=/F
b.Check that the ratios of corre-
sponding side lengths are equal.
AB _5.BC_5AC_5
DE 7 EF 7 DF 1
c.Write the ratios of the corre-
sponding side lengths in a
statement of proportionality.
AB _ BC _ AC
DE~ EF — DF
Key Question to Ask for
Example 1

« If the triangles were congruent,
what would be the ratio of the
corresponding sides? 1:1

Extra Example 2

Determine whether the polygons
are similar. If they are, write a simi-
larity statement and find the scale

factor of RSTUto DEFG.
30 S
R
1 5 D 20 __E
7] C-? 18
33 T 224,

RSTU ~ DEFG; the scale factor is
3:2.

" Differentiated Instruction.

English Learners The word similaris often used in the
English language to mean “alike.” Similar is defined as “sharing
some qualities, but not identical.” Explain that in mathematics,
the definition of similaris more specific—it describes geometric
figures that differ in size, but are the same shape and have the
same angle measures.

See also the Differentiated Instruction Resources for more
strategies.
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PERIMETERS The ratio of lengths in similar polygons is the same as the
scale factor. Theorem 6.1 shows this is true for the perimeters of the polygons.

Extra Example 3 THEOREM For Your Notebook
In the diagram, A ABC ~ A GHU.
Find the value of x. - THEOREM 6.1 Perimeters of Similar Polygons
4 < If two polygons are similar, then the p a
- X ) 16 - ratio of their perimeters is equal to L
8 : the ratios of their corresponding K
A 18 c G 12 J - side lengths.
24 . N M s R
. _ KL+ IM+ MN+ NK _ KL _ LM _ MN _ NK
Key Question to Ask for : IEKLMN ~ PQRS, then =50 0 - op = PO~ QR RS — SP'
Example 3 :
- What is another proportion you
could write to solve the problem? y . N L. N
12 x WV Find perimeters of similar figures
Sample answer: %= 20 :
SWIMMING A town is building a new
Extra Example 4 swimming pogl. An Olympic pool is
You are constructing a rectangular reptangular with length 50 meters and
play area. A playground is rectan- wideh 25 meters. The new ool will be it ——
gular with length 25 meters and be, Y B g5 [
width 15 meters. The new play area a. Find the scale factor of the new :;: e
will be similar in shape, but only pool to an Olympic pool. e
10 meters in length. b. Find the perimeter of an Olympic 50m
a.Find the scale factor of the new pool and the new pool.
play area to the playground. 2:5 .
b.Find the perimeter of the play- . Solution
ground and the play area. 80 m; ANOTHER WAY ... » a. Because the new pool will be similar to an Olympic pool, the scale
32m : Another way to solve . . 40 4
i Example 4 is to write factor is the ratio of the lengths, 50° 5
! the scale factor as the
: decimal 0.8. Then, b. The perimeter of an Olympic pool is 2(50) + 2(25) = 150 meters.
: multiply the perimeter You can use the Perimeters of Similar Polygons Theorem to find the
: of the Olympic pool by perimeter x of the new pool.
: the scale factor to get
: the perimeter of the x4 Use the Perimeters of Similar Polygons Theorem to write a
: new pool: 150 5 i
proportion.
0.8(150) = 120.

x =120 Multiply each side by 150 and simplify.

» The perimeter of the new pool is 120 meters.

t/ GUIDED PRACTICE  for Example 4

In the diagram, ABCDE ~ FGHJK. F 15 G
4. Find the scale factor of A 10 B 9
FGHJK to ABCDE. g . 3 H
5. Find the value of x. 12 x 12
6. Find the perimeter of ABCDE. 46 E D K T

360 Chapter 6 Similarity
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: READ VOCABULARY

i Corresponding lengths in
: similar triangles include
: side lengths, altitudes,

: medians, midsegments,
i and so on.

M Use a scale factor

|~ KEY CONCEPT

SIMILARITY AND CONGRUENCE Notice that any two

congruent figures are also similar. Their scale factor B
is 1:1. In AABCand A DEF, the scale factor is % =1 5/\ 5/\

You can write AABC ~ ADEF and AABC = ADEF. A 6 C D 6

CORRESPONDING LENGTHS You know that perimeters of similar polygons are
in the same ratio as corresponding side lengths. You can extend this concept

to other segments in polygons.

For Your Notebook

- Corresponding Lengths in Similar Polygons

- If two polygons are similar, then the ratio of any two corresponding

- lengths in the polygons is equal to the scale factor of the similar polygons.

In the diagram, ATPR ~ AXPZ.
Find the length of the altitude PS.

Solution

. X
6| 8
o P 20

First, find the scale factor of A TPR to AXPZ.

TR _6+6 _12 _3
XZ 8+8 16 4

Because the ratio of the lengths of the altitudes in similar triangles is equal

to the scale factor, you can write the following proportion.

PS _3 . .

PY 4 Write proportion.
PS _3 .

20 " 4 Substitute 20 for PY.
PS =

(Animated Geometry | at my.hrw.com

/ GUIDED PRACTICE  for Example 5

15 Multiply each side by 20 and simplify.
» The length of the altitude PSis 15.

7. In the diagram, AJKL ~ AEFG. Find the length of the median KM. 42

6.1 Use Similar Polygons

Extra Example 5

In the diagram, A MNP ~ A RST.

Find the length of the altitude NL.
N

30 27

20 14 18

21

(Animated Geometry

my.hrw.com

An Animated Geometry activity is
available online for Example 5. This
activity is also part of Power
Presentations.

Closing the Lesson

Have students summarize the major

points of the lesson and answer the

Essential Question: If two figures are

similar, how do you find the length

of a missing side?

¢ Two polygons are similar if the
corresponding angles are congru-
ent and the corresponding side
lengths are proportional. The ratio
of corresponding lengths is the
scale factor.

e If two polygons are similar, the
ratio of any two corresponding
lengths equals the scale factor.

Wirite a proportion using the scale

factor between the figures and the

unknown side length. Then solve
the proportion.
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PRACTICE
AND APPLY

Assignment Guide

Answers for all exercises
available online

Basic:

Day 1:

Exs. 1-10, 1418, 31, 32

Day 2:

Exs. 11-13,19-22, 33-35
Average:

Day 1:

Exs. 1-10, 14-18, 23-26, 31, 32
Day 2:

Exs. 11-13,19-22, 27, 28, 33—-36
Advanced:

Day 1:

Exs.1,2,4-10, 14-18, 23-26,
29-32*

Day 2:

Exs. 11,12, 19-22, 27, 28, 33-39*
Block:

Exs. 1-10, 14-18, 23-26, 31, 32
(with previous lesson)

Exs. 11-13,19-22, 27, 28, 33—36
(with next lesson)

Differentiated Instruction

See Differentiated Instruction
Resources for suggestions on
addressing the needs of a diverse
classroom.

Homework Check

For a quick check of student under-
standing of key concepts, go over
the following exercises:

Basic: 4, 8, 11, 21, 31
Average: 5,9, 12, 22, 31
Advanced: 6, 10, 11, 22, 32
Extra Practice

- Student Edition

- Chapter Resource Book:
Practice levels A, B, C

Practice Worksheet

An easily-readable reduced

practice page can be found at
the beginning of this chapter.
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6.1 EXERCISES HOMEWORK (™) = see WORKED-OUT SOLUTIONS
- KEY Exs. 3,7, and 31
i % = STANDARDIZED TEST PRACTICE
Exs. 2, 6, 18, 27, 28, 35, 36, and 37

00 MULTIPLE REPRESENTATIONS
: Ex. 33

_SKILL PRACTICE

[A] 1. VOCABULARY Copy and complete: Two polygons are similar if

3. Zﬂ =L corresponding angles are _? and corresponding side lengths are _? .
ZB= 4’”_' congruent, proportional
L= ; L‘N' ca 2. % WRITING If two polygons are congruent, must they be similar? If two
M=MNE N polygons are similar, must they be congruent? Explain. See margin.

: EXAMPLE 1 USING SIMILARITY List all pairs of congruent angles for the figures. Then

 for Exs. 3-6 write the ratios of the corresponding sides in a statement of proportionality.

AABC ALMN 4. DEFG ~ PQRS 5. HIKL ~ WXYZ
4.24D= 2P,
ZE=~Q, H
ZF=ZR { ‘:
. z

DE_ B _ d 7
PQ QR
FG _ G w
RS SP

6. % MULTIPLE CHOICE Triangles ABC and DEF are similar. Which
statement is not correct? D

BC _ AC AB _ CA CA _BC AB _ BC
® = br ® B~ D © = w ® %= i
: EXAMPLES DETERMINING SIMILARITY Determine whether the polygons are similar. If
:2and3 they are, write a similarity statement and find the scale factor.

: for Exs. 7-10
R 64 S

o N Z 1 W
B sH=2W. 48 48 32_I I_sz ; ; ﬁ
zZd= /X,
_ v 1 ]
ZK=2Y, u [ Y2 X

Zl=2,2Z U 64 T D 5 E
HJ _ K _ similar; RSTU ~ WXYZ,2 similar; ACDE ~ ATUI/,i
e USING SIMILAR POLYGONS In the diagram, JKLM ~ EFGH. J
Yz©- zw 9. Find the scale factor of JKLM to EFGH. g W3 30
10. Find the values of x, y, and z. 27.5,12, 65 " 2 M
: EXAMPLE 4 | 11. Find the perimeter of each polygon. 85,34
: for Exs. 11-13 E 8 F K x L

12. PERIMETER Two similar FOR SALE signs have a scale factor of 5:3.
The large sign’s perimeter is 60 inches. Find the small sign’s perimeter. 36 in.

13. ERROR ANALYSIS The triangles are

similar. Describe and correct the 5 .ﬂ
error in finding the perimeter of o 6
Triangle B. The larger triangle’s perimeter

was doubled but should have been halved; 12 Perimeter of B = 56
perimeter of B = 14.

362 Chapter 6 Similarity

2. Yes; no; if two polygons are congruent, corresponding angles are
congruent and the scale factor is 1. If they are similar, corresponding
angles are congruent but one polygon can be larger than the other
since the scale factor does not have to be 1.



REASONING Are the polygons always, sometimes, or never similar?

¢ for Exs. 21-22

14. Two isosceles triangles sometimes 15. Two equilateral triangles always

16. Aright triangle and an
isosceles triangle sometimes

17. A scalene triangle and an
isosceles triangle never

18. % SHORT RESPONSE The scale factor of Figure A to Figure B is 1:x. What
is the scale factor of Figure B to Figure A? Explain your reasoning.
x:1; since the order of the figures switched, simply switch the ratio.

SIMILAR TRIANGLES The black triangles are similar. Identify the type of special
segment shown in blue, and find the value of the variable.
19. 20.

2 v

16
X

o= &

altitude, 24 median, 9
USING SCALE FACTOR Triangles NPQ and RST are similar. The side lengths
of ANPQ are 6 inches, 8 inches, and 10 inches, and the length of an altitude
is 4.8 inches. The shortest side of A RSTis 8 inches long.

21. Find the lengths of the other two sides of ARST. 10% in., 13% in.
22. Find the length of the corresponding altitude in ARST. 6.4in.

USING SIMILAR TRIANGLES In the diagram, A ABC ~ A DEF.

23. Find the scale factor of A ABC B
to ADEF. %
24. Find the unknown side lengths £
in both triangles. Ac¢ = 22%, ED =10 A 2 193
[ ]

25. Find the length of the altitude

shown in A ABC. 17% b 102 F

5

26. Find and compare the areas of
both triangles.

About 201, 41.6; the ratio of their areas is approximately equal to the scale factor squared.

27. % SHORT RESPONSE Suppose you are told that APQR ~ AXYZ and that
the extended ratio of the angle measures in APQRis x:x + 30:3x. Do you
need to know anything about AXYZto be able to write its extended ratio
of angle measures? Explain your reasoning.

No; in similar triangles corresponding angles are congruent.

28. % MULTIPLE CHOICE The lengths of the legs of right triangle ABC
are 3 feet and 4 feet. The shortest side of A UVWis 4.5 feet and
AUVW ~ A ABC. How long is the hypotenuse of AUVW? D

@ 1.5ft 5 ft © 6ft

29. CHALLENGE Copy the figure at the right and divide
it into two similar figures. See margin.

D 75ft

30. REASONING Is similarity reflexive? symmetric?
transitive? Give examples to support your answers.
Yes, yes, yes. Sample answer: NABC ~ NABC.

It AABC ~ A DEF, then ADEF~ NABC.
If AABC ~ ADEFand ADEF ~ AHJK, then AABC ~ A HJK.

6.1 Use Similar Polygons

Avoiding Common Errors

Exercise 6 If students have diffi-
culty with this exercise, remind
them to match up the letters corre-
sponding to the triangles in the order
they are written. For example, AB
uses the first two letters of A ABC,
so its corresponding side uses the
first two letters of A DEF.

Exercises 7-8 If students have
difficulty with these exercises, sug-
gest that they redraw the diagrams
so that corresponding letters
appear in corresponding positions.

Teaching Strategy
Exercises 14-17 Encourage stu-
dents to draw examples to verify
their answers to these exercises.
Remind them that one counter-
example eliminates the “always”
choice. Suggest that they start by
looking for counterexamples.

Mathematical Reasoning
Exercise 26 For a pair of similar
figures, including a pair formed
from an enlargement or reduction
(a dilation), if the scale factor is &,

b
then the corresponding sides,

related segments, and perimeters

all have the same scale factor, %,

2
while the area has scale factor a_z_

29.
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Study Strategy

Exercise 35 Encourage students
to analyze this problem by substi-
tuting numbers for the variables
and then using algebra to prove
their conclusion.

.ﬂﬂ) Internet Reference

Exercise 34 Additional information
about solar eclipses can be found
at csep10.phys.utk.edu/astr161/
lect/time/eclipses.html

33h. y

—1 x

34a. See below.

37b. ~ BOA = ~ DOC by the Vertical
Angles Theorem; 2 0BA = ~ 0DC
by the Alternate Interior Angles
Theorem; £ BAO = ~ DCO by the
Alternate Interior Angles Theorem.
37c. A(—3,0), B(0, 4), C(6, 0),

D(0, —8); AO=3,0B=4,BA=5,
€C0=6,0D=8,DC=10

38. Sample answer: KLMN ~ PQRS
is given. Since the rectangles are

similar, let ;—‘ be the scale factor and

let a, b, c, dbe the lengths of the
sides of KLMN and ax, bx, cx, dx he
the lengths of the corresponding
sides of PORS. Taking the ratio

of perimeters you get

ax+ bx+ ex+ dx _

at+b+c+d
x(a+b+c+d) _
at+b+c+d
L b M
[T ]
a c
[ []
d N
Q bx R
[T ]
ax cX
1 [
P dx S
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_ PROBLEM SOLVING

: Exs. 31-32

34b. Sample
answer: Since
the triangles
are similar, the
light from every
point of the sun
thatisin ABDA
is blocked by
the moon hefore
reaching Earth.

@ TENNIS In table tennis, the table is a rectangle

32.

33.

34.

(O = See WORKED-OUT SOLUTIONS

9 feet long and 5 feet wide. A tennis court is a
rectangle 78 feet long and 36 feet wide. Are the
two surfaces similar? Explain. If so, find the
scale factor of the tennis court to the table.

No; the lengths are not proportional.

DIGITAL PROJECTOR You are preparing a computer presentation to be
digitally projected onto the wall of your classroom. Your computer screen
is 13.25 inches wide and 10.6 inches high. The projected image on the
wall is 53 inches wide and 42.4 inches high. Are the two shapes similar?
If so, find the scale factor of the computer screen to the projected image. yes; 1

4
0:0 MULTIPLE REPRESENTATIONS Use the similar figures shown.
The scale factor of Figure 1 to Figure 2 is 7: 10.
a. Making a Table Copy and complete the table. B 4 ¢
B c 5
AB BC D DE EA A A 6
Figure1 35 | 25 %3 %55 721 3
. E D E 8 D
Figure 2 5.0 4.0 6.0 8.0 3.0 Figure 1 Figure 2

b. Drawing a Graph Graph the data in the table. Let x represent the length
of a side in Figure 1 and let yrepresent the length of the corresponding
side in Figure 2. Is the relationship linear? See margin for art; yes.

c. Writing an Equation Write an equation that relates x and y. What
is its slope? How is the slope related to the scale factor? = ?x; %; they are the same.

MULTI-STEP PROBLEM During a total eclipse of the sun, the moon is
directly in line with the sun and blocks the sun’s rays. The distance ED
between Earth and the moon is 240,000 miles, the distance DA between
Earth and the sun is 93,000,000 miles, and the radius AB of the sun is
432,500 miles.

B
c
A _
Sun
Moon Earth

Not drawn to scale

a. Copy the diagram and label the known distances. See margin.

b. In the diagram, A BDA ~ A CDE. Use this fact to explain a total
eclipse of the sun.

c. Estimate the radius CE of the moon. about 1116 mi

% = STANDARDIZED

«» = MULTIPLE
TEST PRACTICE

in Student Resources REPRESENTATIONS

432,500 mi

93,000,000 mi

364
34a. B
A
Sun

240,000 mi

Earth



35. % SHORT RESPONSE A rectangular image is enlarged
on each side by the same amount. The angles remain
unchanged. Can the larger image be similar to the
original? Explain your reasoning, and give an example

35.Yes; if L = w
then the larger
and smaller
image would be
similar. Sample
answer:
Let! =38,
w=38,
anda=4;

w 8

36. The ratio

of the areas of
similar figures

is the square of
the scale factor.
Sample answer:
Consider two
rectangles, one
2x4 and the other
6x12, with scale

factor % and ratio

8 _1
of area 259

S
373
3 9

to support your answer.

Dw

J) L+ a

36. % SHORT RESPONSE How are the areas of similar rectangles
related to the scale factor? Use examples to justify your reasoning.

37. % EXTENDED RESPONSE The equations of two lines in the

coordinate plane are y = 4%+ 4and y=

3

a. Explain why the two lines are parallel.
hey have the same slope.
b. Show that £ BOA= 2 DOC, £ OBA = £ 0ODC, and

£/ BAO = £ DCO. b, c. See margin.

c. Find the coordinates of points A, B, C, and D. Find the D
lengths of the sides of A AOB and A COD. /

w+ a

y

%x—S. B
A

0

d. Show that A AOB ~ ACOD. Since corresponding angles are congruent and
the ratios of corresponding sides are all the same the triangles are similar.
38. PROVING THEOREM 6.1 Prove the Perimeters of Similar Polygons
Theorem for similar rectangles. Include a diagram in your proof. See margin.

39. CHALLENGE In the diagram, PQRSis a square, and P Q L

PLMS ~ LMRQ. Find the exact value of x. This value
is called the golden ratio. Golden rectangles have their
length and width in this ratio. Show that the similar

rectangles in the diagram are golden rectangles.
See margin.

see EXTRA PRACTICE in student Resources

SMXL‘M

2@ ONLINE QUIZ at my.hrw.com
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Daily Homework Quiz
Also available online

1. Determine whether the polygons
are similar. If they are, write a
similarity statement and find the
scale factor of EFGHto KLMN.

F
30 16 L
15_A 8
E G K@M
N 52 13 N11
H

yes; EFGH ~ KLMN: the scale
factoris 2:1.

2.In the diagram, A DEF ~ A HJK.
Find the value of x.

E J
v N A
H 9 K
D X F

13.5

3. Two similar triangles have the
scale factor 5:4. Find the ratio
of their corresponding altitudes
and medians. 5:4;5:4

4. Two similar triangles have the
scale factor 3:7. Find the ratio of
their corresponding perimeters
and areas. 3:7;9:49

4> Online Quiz
Available at my.hrw.com

Diagnosis/Remediation

« Practice A, B, C in Chapter
Resource Book

« Study Guide in Chapter
Resource Book

* Practice Workbook
» @HomeTutor

Challenge

Additional challenge is available
in the Chapter Resource Book.
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PLAN AnD
PREPARE

Explore the Concept

« Students will discover the
properties of dilations by using
graph paper to dilate a figure.

Materials

Each student will need:
« graph paper

e ruler

* protractor

Recommended Time
Work activity: 10 min
Discuss results: 5 min

Grouping

Students should work individually.

€)TEACH

Key Questions

* In the Explore, to what segments
are ﬁ, E, and BCtransformed?
AD, AE, and DE

» Which segment and its image
appear to be parallel?
BCand DE

Key Discovery

A dilation takes a line not passing
through the center of dilation to a
parallel line, and lines passing
through the center are unchanged.
The lengths of segments are
changed by a ratio called the scale
factor. All dilations preserve angle
measures.

ASSESS AnND
RETEACH

1. A dilation with scale factor 1.5
and center (0, 0) is applied to a
triangle with sides of lengths 1,
1, and V2. Describe the longest
side of the image. Its length is
1.5V2 and itis parallel to the
longest side of the preimage.

366
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" eeometry ACTIVITY cnasimitarity

Explore Properties of Dilations

MATERIALS - graph paper -ruler -« protractor

LIS IGIT How do dilations affect lines, segments, and angles?

Dilations are non-rigid transformations that map points to points in the
coordinate plane. A function rule in coordinate notation for a dilation with
center at the origin is (x, y) — (kx, ky).

The ratio of the length of an image segment to its corresponding preimage
segment is the scale factor k of the dilation.

Draw a dilation of a triangle in the plane

STEP T STEP2
Yy y
D
/
B B
1 / 4 / T E
I LA C T L C
A X A X

Graph o triangle Graphatriangle  Dilate the triangle Graph a dilation
in a coordinate plane one of whose  of the triangle with scale factor 2 and
vertices is (0, 0). centered at the origin.

Use your observations to complete these exercises 1-5. See margin.

1. Measure the sides and angles of A ABCand A ADE. Tell whether the
dilation preserves lengths or angle measures.

ios PE DA EA ice?
2. Compare the ratios BC BA and oA What do you notice?

3. What is the effect of the dilation on the center of dilation? Explain.

4. How is AB related to AD? How does a dilation affect a line that passes
through the center of dilation? Explain.

5. How is BC related to DE? How does a dilation affect a line that does not
pass through the center of dilation? Explain.

366 Chapter 6 Similarity

1-5. Sample answers are given.
1.AB=\10,AC=\10,BC=2V2,AD=2V10, 4.The lines are the same; the image of a line that

AE=2V10 ,DE = 4\/5; m/A=53° msB passes through the center of dilation is the same

=ms/D~635°, m/C= m/E~ 63.5% the as the preimage line; the center of dilation is

dilation does not preserve lengths but it does mapped to itself, and any line that contains the

preserve angle measures. origin is mapped to a line that contains the origin.
2.The ratios are all equal to the scale factor, 2. 5. The lines are parallel; the image of a line

that does not pass through the center of dila-
tion is a line parallel to the preimage line;
because £ C = ZE, the lines are parallel by the
Corresponding Angles Converse.

3.The center of dilation (0, 0) is mapped to
(k<0,k-0)=(20,2-0) = (0, 0). The center
of dilation is mapped to itself.
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6

Relate Transformations
*®™ and Similarity

You identified rigid motions in the plane.

You will identify similarity transformations called dilations.

So you can find the dimensions of a scale drawing, as in Ex. 30.
Key Vocabulary A dilation is a transformation that preserves angle measures and results in an
« dilation image with lengths proportional to the preimage lengths.
e scale factor

The ratio of the lengths of the corresponding sides of the image and the
preimage is called the scale factor of the dilation. Dilations can also be called

similarity transformations.

i~ KEY CONCEPT

* Dilations and Similarity

AABC ~ AXYZ

T Ty
R EEEEEEE

If a dilation can be used to move one figure
onto another, the two figures are similar.

For Your Notehook

Describe a dilation

AFEG is similar to AFDH. Describe the dilation

that moves AFEG onto AFDH.

E 10
Solution - G
The figure shows a dilation with center F. b H
The scale factor is 2 because the ratio of
FHto FGis20:10,0r2: 1.
i~ KEY CONCEPT For Your Notebook
Combining Dilations and Rigid Motions G

If a dilation followed by any
combination of rigid motions can
be used to move one figure onto the
other, the two figures are similar.

AABC ~ ADEF and ADEF = AGH],
so AABC ~ AGHJ.

R R R R RE]

NN | T

F E H J

6.2 Relate Transformations and Similarity
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PLAN AND
PREPARE

Warm-Up Exercises

Also available online

1. Given ARST ~ AXYZ with
RS _ ST _3 Fing AT 3
XY Yz 2 XZ 2

2.Given AEFG ~ AMNP with

EF _2 _ i
o If FG = 4.5, find NP.

2.25

Pacing
Basic: 1 day
Average: 1 day
Advanced: 1 day
Block: 0.5 block

FOCUS AnD
MOTIVATE

Essential Question
Big Idea 2

How do you identify a similarity
transformation in the plane? Tell
students they will learn how to
answer this question by examining
dilations, transformations in the
plane that preserve angle measure
while keeping the lengths of
corresponding sides proportional.

Motivating the Lesson
Ask students to draw examples of
figures that are similar based on
their recollection from previous
work. Have them point out any
examples of similar figures they
see in the classroom.
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Describe a combination of transformations

AABCis similar to AFGE. Describe a combination G

e of transformations that moves AABC onto AFGE. ¢ ;
Solution
Extra Example 1 A dilation with center B and scale factor % moves F
AABCis similar to AAFG. Describe AABC onto ADBE. A D B
the dilation that moves AABC onto Then a rotation of ADBE with center E moves ADBE onto
AAFG. AFGE. The angle of rotation is equal to the measure of ZC.
- B
GUIDED PRACTICE  for Examples 1 and 2
G10C 20 A The two figures are similar. Describe the transformation(s) that move
. i the blue figure onto the red figure.

dilation with center A and scale
factor > L D 2. B c

4 V4 Y
Extra Example 2 A / \
AABCis similar to AFGE. Describe 3 5
a combination of transformations E 8 C 6 B A b X

that moves AABC onto AFGE. 2

dilation with center dilation with scale factor 3

D . B and scale factor 3 and reflection
N
AN g
8. N\ W2V I RN Use transformations to show figures are not similar
A . _:‘; Use transformations to explain why D .
A = c 20 |E - ABCDE and KLQRP are not similar. 6 E
¢ p_6 R
A dilation with center A and scale 12 4 a
factor g moves AABC onto AADE. ’ 8 6
Then a reflection moves AADE
B 12 A K g UL
onto AFGE.
Extra Example 3 Solution
Use transformations to explain why Corresponding sides in the pentagons are D
pentagons EFGHD and RSTUV are proportional with a scale factor of % 6 E
notsimilar. . . c 4
However, this does not necessarily mean J
Y the pentagons are similar.
28 9
A dilation with center A and scale 8
H T factor 2 moves ABCDE onto AFGH]. (]
4/ \e v Then a reflection moves AFGHJ B4 F 8 A
G D 20 30 onto KLMNP.
15
10 KLMNP does not exactly coincide with KLQRP, because not all of the
FiaE R S corresponding angles are congruent. (Only ZA and ZKare congruent.)
Since angle measure is not preserved, the two pentagons are not similar.
368 Chapter 6 Similarity
K Corresponding sides in the pentagons are
N proportional with a scale factor of 2.
BN o However, a dilation with center Fmoves
L \ EFGHD onto IFLKJ. Then a reflection moves
H \
15‘\14 6 N IFLKJ onto RSWXV. But RSWXV does not
G : exactly coincide with RSTUV, since not all
15 1% i 20 of the corresponding zzmgles are congruent.
e A s s Since angle measure is |_10t_ preserved, the
two pentagons are not similar.
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Use similar figures

GRAPHIC DESIGN A design for a party mask is made using all equilateral
triangles and a scale factor of %

«i‘.§>

a. Describe transformations that move triangle A onto triangle B.
b. Describe why triangles C and D are similar by using the
given infomation.
Solution

a. The figure shows a dilation with scale factor 1
followed by a clockwise rotation of 60°.

b. Triangles C and D are similar because all pairs of ’
corresponding sides are proportional with a ratio

of% and all pairs of corresponding angles of equilateral
triangles have the same measure.

GUIDED PRACTICE  for Examples 3 and 4

Refer to the floor tile designs shown below. In each design, the red shape is a
regular hexagon. 3-6. See margin.

1020

Tile design 1 Tile design 2 Tile design 3

3. Tile design 1 is made using two hexagons. Explain why the red and blue
hexagons are not similar.

4. Tile design 2 is made using two similar geometric shapes. Describe the
transformations that move the blue hexagon to the red hexagon.

5. Tile design 3 shows congruent angles and sides. Explain why the red and
blue hexagons are similar, using the given information.

6. If the lengths of all the sides of one polygon are proportional to the lengths
of all the corresponding sides of another polygon, must the polygons be
similar? Explain.

6.2 Relate Transformations and Similarity 369

3-6. Sample answers are given.

3.The red hexagon has all sides congruent,
but the blue hexagon has 3 shorter sides
and 3 longer sides, so ratios of corre-
sponding side lengths are not constant.

4.dilation followed by a rotation of 30°
about the center of the figures

5.All angles are congruent, so angle mea-
sure is preserved, and all side lengths are
congruent in each hexagon, so the ratio
of any two corresponding side lengths is
constant.

6.No; even though corresponding sides
might be proportional, if corresponding
angles are not congruent, the polygons
are not similar.

Extra Example 4

The design for a stained glass win-
dow uses two sizes of similar isos-
celesright triangles with a scale
factor of V2.

a.Describe the transformations
that move triangle A onto
triangle B. A dilation with scale
factor V2 centered at the vertex
of the right angle in triangle A
followed by a clockwise rotation
of 135° about that same point will
move triangle A onto triangle B.

b.Describe why triangles C and
D are similar using the given
information. Triangles C and D
are similar because all pairs of
corresponding sides are propor-
tional with a ratio of V2 to 1 and
corresponding angles of isosce-
les right triangles have the same
measure (45° or 90°).

Closing the Lesson

Have students summarize the

major points of the lesson and

answer the Essential Question:

How do you identify a similarity

transformation in the plane?

e A dilation is a transformation that
preserves angle measures and
results in an image with lengths
proportional to the preimage
lengths.

¢ Dilations are similarity transfor-
mations.

If a dilation or a dilation followed

by any combination of rigid

motions can move one figure onto
another, then the two figures are
similar.
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PRACTICE
AND APPLY

Assignment Guide

Basic:

Day 1:

Exs.1,3,7-11,13, 15, 18, 25-27
Average:

Day 1:

Exs. 1-10, 11-25 odd, 26, 28—-30, 32
Advanced:

Day 1:

Exs. 4-9, 12-16 even, 20-31, 32
Block:

Exs. 1-10, 11-25 odd, 26, 28—-30, 32

Differentiated Instruction

See Differentiated Instruction
Resources for suggestions on
addressing the needs of a diverse
classroom.

Homework Check

For a quick check of student under-
standing of key concepts, go over
the following exercises:

Basic: 3, 8, 13, 18, 25
Average: 5, 9, 15, 19, 25
Advanced: 5, 8, 16, 20, 26

Extra Practice
- Practice B in Chapter Resources

Practice Worksheet

An easily-readable reduced

practice page can be found at
the beginning of this chapter.

2. Sample answer: A similarity
transformation maps one figure
onto a similar figure. The corre-
sponding sides have lengths that
are proportional and the corre-
sponding angles have the same
measures.

6. The function notation is for a
dilation with scale factor 3.
Corresponding sides will be
proportional with a ratio of 3 to
1. Choosing a sample figure and
drawing its image will show that
the corresponding angles of the
figures have the same measure.

370

6.2 EXERCISES HOMEW?('g; (O = See WORKED-OUT SOLUTIONS

Exs.5, 15, 19, and 27

% = STANDARDIZED TEST PRACTICE
Exs. 2,6, 10, 17, 26, and 30

_ SKILL PRACTICE

[A] 1. VOCABULARY Draw an example of a dilation.
Check students’ drawings.
2. % WRITING Describe the results of a similarity transformation. See margin.

{ EXAMPLE 1 DESCRIBING DILATIONS Describe the dilation that moves the blue figure

: for Exs. 1-6 onto the red figure.
3. 4, dilation
with scale
2 |3 factor 1 and

center at 8
intersection

dilation with scale factor > of black lines ©

and center at intersection of dilation with scale

black lines 10 factor n_1 and center at

. . . intersection of black lines
6. % WRITING Jenny described a transformation in the coordinate plane

using the notation (x, y) — (3x, 3y). Explain why her transformation is a
dilation with center at the origin. See margin.

: EXAMPLE 2 DRAWING SIMILARITY TRANSFORMATIONS Copy the figure. Draw an example

: for Exs. 7-9 of the given similarity transformation of the figure with center O.

7-9. Check students’ drawings.

mv B.G QUU

dilation dilation then reflection dilation then rotation

¢ for Ex. 10-12 1nvolve dilation? C

D@ e

R

370 cChapter 6 Similarity



IDENTIFYING DILATIONS The red figure is the image of the blue figure under
a transformation. Tell whether the transformation involves a dilation. If so,
give the scale factor of the dilation.

11. 40 12.

3
3 3

40

yes; dilation with scale factor V2
COMBINING TRANSFORMATIONS Coordinates of the vertices of a preimage

and image figure are given. Describe the transformations that move the
first figure onto the second. 13-16. See margin.

13. 0(0, 0), B(0, 3), C(2, 0); O(0, 0), D(0, —6), E(4, 0)
14. 0(0, 0), P(0, 8), Q(6, 0); O(0, 0), R(4, 0), S(0, —3)
@/(—4, 0), K(0, 4), L(6, 0); L(6, 0), M(0, 6), N(-9, 0)
16. A(_G; O)v B(O; 6)) C(gy 0)) D(Ov _15)$ W(O) _2): X(—Z, 0)) Y(O) 3)v Z(5) 0)
17. % SHORT RESPONSE A fractal called the Sierpinski triangle can be
imagined by thinking of an infinite sequence of stages, the first of which
are shown below. Calculate the side lengths of the light blue triangles

in Stages 1, 2, and 3. Then describe the 3 dilations you can apply to any
stage to generate the next stage. See margin.

16

VW e

Stage 0 Stage 1 Stage 2 Stage 3

SIMILARITY OF CIRCLES Prove the circles are similar by finding a center and

scale factor of a dilation that moves the blue circle onto the red circle.
18-21. Check students’ drawings.

18. concentric 1ntersect1ng
‘ scale factor 3 j scale factor <
20. tangent 21. not intersecting

. scale factorf @ scale factorf

6.2 Relate Transformations and Similarity

Differentiated Instruction

Below Level For Exercises 13-16, have students use a large
sheet of grid paper to graph each pair of figures. Have them
measure the sides and angles of the preimage and of the image.
Ask students to find the ratio of the corresponding side lengths
and to compare the corresponding angle measures.

See also the Differentiated Instruction Resources for more
strategies.

Teaching Strategy

Exercise 10 You might wish to ask
students to explain the transforma-
tion that moves one figure onto the
otherin each of the answer
choices.

Avoiding Common Errors
Exercises 13-16 While some stu-
dents may try to visualize the fig-
ures mentally, urge all students to
graph the points on a coordinate
grid so they can visualize the trans-
formations that move the first fig-
ure onto the second figure.

Study Strategy

Exercise 17 Suggest that students
make a table of the side lengths of
the triangle(s) at each stage. Doing
so will help them determine the
ratio of the corresponding side
lengths.

13.dilation with center 0 and
scale factor 2, then reflection
in the x-axis

14. dilation with center 0 and
scale factor 1, then rotation 90°
clockwise around 0

15. dilation with center 0 and
scale factor §, then reflection
in the y-axis

16. dilation with center 0 and
scale factor % then rotation

90° counterclockwise around 0

17. Sample answer: The lengths
are 8, 4, and 2; dilate the previ-

ous stage 3 times with scale

factor % using each corner of

the triangle as a center to
generate the next stage.
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Study Strategy

Exercise 23 Suggest that students
draw a diagram to model this situa-
tion and to help them formulate
their explanation.

Teaching Strategy

Exercise 26 You may want stu-
dents to share and discuss their
designs with a partner. Have them
describe the transformations they
used, trade their designs with their
partner, and then have the partner
also describe the transformations.
They can then finish the discussion
by comparing their descriptions.

22a.The perimeter of the image
is 4 times the perimeter of the
preimage.

22b.The area of the image is
16 times the area of the
preimage.

23. Sample answer: Because the
purses are similar, the designs
of the purses should have the
same shape but not the same
size. Use a copy machine to
enlarge the pattern from the
smaller purse. For a purse
twice as big, use a setting of
200% on the copy machine.
Then transfer the pattern to
the larger purse.

24. Sample answer: An overhead
projector enlarges a figure
onto a screen as a function
of the distance from the pro-
jector to the screen. In place
of the screen, affix a poster
board. The pattern can be
traced onto the board.

29. Sample answer: Draw cor-
responding radii in the circles
parallel to each other. Draw
a line through the endpoints
of the radii that lie on the
circles. Draw a line through
the centers of the circles. The
center of dilation is the inter-
section of the lines. The scale
factor of the dilation is the
ratio of the radii of the circles.

372

: for Exs. 23-28

22. CHALLENGE The dilation of a rectangle has a scale factor of4 to 1. See margin.

a. Describe the effect of the dilation on the perimeter of the rectangle.
b. Describe the effect of the dilation on the area of the rectangle.

" PROBLEM SOLVING

23. TEXTILES A cloth purse maker uses a pattern for a small bag. The maker
wants to start making a similar bag that is exactly twice as big as the
small one and has the same design. Explain how you might efficiently
create the design for the large bag. See margin.

24. GRAPHIC ARTS Describe how using an overhead projector involves
dilations when creating a larger image that can be traced onto a poster. See margin.

25. CRAFTS A rug design uses similar triangles that become larger on one

side while getting smaller on the other side. What transformations are
used to move figure A onto figure B? dilation followed by a rotation

< € < <K
>>>><>

26.  OPEN-ENDED Create a design using a combination of dilations and other
transformations. Check students’ designs.

372  Chapter 6 Similarity

30a. Sample answer: The floor
plan is a model. Each part of
the actual house will copy the
floor plan and be a dilation of
the shape. The final size of
every inch on the scale draw-
ing will be 2 feet, or 24 inches,
so the scale factor is 24 to 1.

Therefore, the height T
of the bug on the wall
willbe 4timesthe  h
height of the bug on

the flashlight cap;
4.2cm=8cm.

I 10cm

28. ANIMATION You are designing an animated lightning
bolt on a computer screen. You want the distance of
each bolt from P to be greater than the distance of
the previous bolt. Describe the transformation that
moves each bolt to the next larger bolt.

dilation with scale factor _

29. CHALLENGE Describe a method for finding the center
and scale factor of a dilation that moves a given circle
onto another given circle with a different radius.

See margin.

TOY IDEA A flashlight has a removable cap with a picture on it. When
the flashlight is on, the bug can be projected onto a wall. Using the
information in the diagram below, find the scale factor of the dilation.
Then calculate the height of the bug projected onto the wall.
The scale factor of
the dilation is 19 = 4.

6

30b. Sample answer: Multiply  30c. Bedroom 1: 15 ft by 10 ft
each dimension on the floor Storage: 5 ft by 10 ft
p_Ian_by_24 to f!n(! t_he actual Den: 8 ft by 10 ft
size in inches; divide by 12 to Bed 9 12t by 10 ft
find the actual size in feet. So, edroom 2: v

the living room that is 10 in. by Bath: 8fthy 6t
5in. on the floor plan is 20 ft by Kitchen: 16 ft by 8 ft
10 ft. Living: 20 ft by 10 ft



30.

31.

32.

see EXTRA PRACTICE in Student Resources

* EXTENDED RESPONSE The figure below shows an architect’s initial

layout of the floor plan for a house. The scale is % inch = 1 foot. See margin.

a. Interpret How is a dilation of the floor
plan used in the house construction?
What is the scale factor of the dilation?

b. Model Explain how to find the actual
size of the living room in the house
using the floor plan.

7.5in.  2.5in. 4in. Gin.

uw
in.| BEDROOM BEDKOOM Sin.
1 2

BATH
8 4in.
. LIVING KITCHEN

% OPEN-ENDED A transformation in the coordinate plane is described
using the notation (x, y) — (2x, 5y). Explain why the transformation is not

a similarity transformation by showing how it affects the angles and sides
of a polygon. See margin.

CHALLENGE A dilation of a triangle is shown, in which
the center of dilation lies in the interior of the triangle. (ke, k) (a, b)
See margin. (e, f) c

c. Calculate Find the actual size of each
room in the house.

Y (ka, kb)

a. Use the slope formula to show that
corresponding sides are parallel.

b. The black rays in the diagram are transversals that (c, d)
intersect parallel segments. Prove the angles marked
are congruent. Explain why the angles of the preimage

and image triangles are preserved under the dilation. (ke, kd)

373

31. Sample answer: An isosceles right triangle
with vertices (0, 0), (1, 0), and (1, 1), is mapped
to a triangle with vertices (0, 0), (2, 0), and

(2, 5). The image triangle is not isosceles; its
legs are not the same length and its acute
angles do not have the same measure. Image
side lengths are not in proportion to preimage
side lengths, and angles are not preserved,

so the transformation is not a similarity
transformation.

32a. The slope of an image side is the same as
the slope of a corresponding preimage side.
For example:

kd— kb _ kid— b) _ (d— h)

kc—ka  kic—a) (c—a

Similar reasoning applies to the other sides of
the triangle.

ASSESS anD
RETEACH

Daily Homework Quiz

Describe the dilation that moves
the smaller figure onto the larger
figure.

8

dilation with scale factor 3 and
center at the intersection of the
thin lines

dilation with scale factor 8 and
center at center of the circles

3.The coordinates of the verti-
ces of a AABC and its image
ADEF are given. Describe the
transformation(s) that move
AABC figure onto ADEF.

A1, 1), B(=2,2), C(2,2);
D(2, =2), E(—4, —4), F(4, —4)
Sample answer: dilation with

center (0, 0) and scale factor 2,
then reflection in the x-axis

Diagnosis/Remediation
« Practice B in Chapter Resources
« Study Guide in Chapter Resources

Challenge

Additional challenge is available in
the Chapter Resources.

32b. The black ray that passes
through (a, b) and (ka, kb) is a
transversal intersecting parallel
segments, so the angles marked
are congruent. Therefore, their
sums are also equal. Similar
reasoning applies to the other
angles of the triangle. So, angles
are preserved under the dilation.
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" oy ACTIVITY  sniiacoyaa o

PLAN AnD Dilations and AA Similarity
PREPARE MATERIALS -ruler - protractor

Explore the Concept

« Students will build similar
triangles given two angle
measures.

- This activity supplements the
study of the Angle-Angle (AA)
Similarity Postulate.

Materials STEP 1| Draw triangles Draw A ABCwith any angles. F
Use a protractor to draw a larger A DEF, with

/D= /Aand ZE= /B. Inside A DEF, draw a

LIS IGIT How can you use a dilation to map a triangle onto a similar
- triangle with two pairs of corresponding angles congruent?

Recall that a dilation preserves angle measures but not lengths.

[ 4JIN LI Build similar triangles given two angles

Each student will need:

* ruler segment parallel to DE the same length as AB.
« protractor Label its endpoints Gand H. m
] ]
Recommended Time A " B 6 ' H
T
Work activity: 10 min D E
Discuss results: 5 min
STEP 2| Copy angles Copy « D at Gand copy £ Eat H. F

Grouping Extend the sides until they intersect. Label

L the int tion J.
Students should work individually. ¢ intersection J

€ TEACH O

D ' E
Key Discovery
If two triangles have two pairs of [s7€P 3] Find center of dilation Draw three rays that F
corresponding angles congruent, intersect: DG EH and F] Label their point of
then a dilation (or a combination of intersection O. C
a dilation and a rigid motion) can ; :
be used to move one triangle onto
the other. A B G L H
D ' E

ASSESS AnND
RETEACH

1-5. See margin.

1.In the EXplor_e’ Suppose you 1. Measure £ C, £ F, and ZJ. What do you notice?
drew AGHJ inside ADEF so no
sides were parallel to sides of 2. A dilation maps ADEFto AGHJ]. Whyis Z/D=/ZGand LE= ZH?
A WOUI(.’ you be able to find 3. Find ¢Q, HO apng /9 JO . What is the scale factor of the dilation?
a center of dilation? Sample DO’ EO’ FO
answer: No; preimage and 4. Prove that AGHJ = A ABC. Justify your reasoning.
image sides in a dilation must 5. What combination of transformations maps A DEFto A ABC?

he parallel, so you would not be
able to find a center of dilation.

2.In the Explore, suppose you 374  Chapter 6 Similarity
drew AGHJ outside ADEF.

Would you be able to find a cen-
ter of dilation? Sample answer: 1.mZC=m/F=m/J;the 3.Checkstudents’work.The 4./ /A= /Gand ZB=/H

Yes; draw lines through cor- third angles of the triangles ratios should be equal to the  because dilation preserves
responding vertices to find the are congruent because the scale factor of the dilation. angle measures, and AB =
center of dilation; it would lie sum of the angles of a trian- GH because this was given in
outside the triangles. gle is 180°. Step 1. So, AGHJ= AABC

2. Dilations preserve angle by ASA.

measures, so corresponding 5. dilation with scale fac-

angles of ADEFand AGHJ

tor G0 and center 0, then
are congruent. Do

translation a distance GA
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6.3

Prove Triangles
Similar by AA

You used the AAS Congruence Theorem.

You will use the AA Similarity Postulate.

So you can use similar triangles to understand aerial photography, as in Ex. 34.

Key Vocabulary
« similar polygons

1. Yes; the corresponding
angles are congruent,
and the corresponding
side lengths are

proportional.

2. Two triangles with
two pairs of congruent
corresponding angles
are similar triangles.

if you know two pairs of corresponding angles
are congruent?

ACTIVITY ANGLES AND SIMILAR TRIANGLES

QUESTION What can you conclude about two triangles

Materials:
« protractor
« metric ruler

STEPT Draw AEFG so that m£E = 40°and m«£G = 50°. F

S$TEP2 Draw ARST so that mZR = 40°and m«T = 50°,

and ARSTis not congruent to AEFG.

$7EP 3 Calculate m£F and m£S using the Triangle
Sum Theorem. Use a protractor to check that your S

results are true. 90°,90°

$7EP 4 Measure and record the side lengths of both

triangles. Use a metric ruler.

DRAW CONCLUSIONS

40° 50°
‘HHU\H‘HH\HH‘\H\\HH‘\

cm 1 2 3

1. Are the triangles similar? Explain your reasoning. See margin.

2. Repeat the steps above using different angle measures. Make a
conjecture about two triangles with two pairs of congruent

corresponding angles. See margin.

TRIANGLE SIMILARITY The Activity suggests that two triangles are similar if
two pairs of corresponding angles are congruent. In other words, you do not

need to know the measures of the sides or the third pair of angles.

PP A
IR R EEEE R EEREE

POSTULATE

For Your Notebook

POSTULATE 22 Angle-Angle (AA) Similarity Postulate

If two angles of one triangle are congruent
to two angles of another triangle, then the
two triangles are similar.

L Yo Z
X/

AJKL ~ AXYZ

J

6.3 Prove Triangles Similar by AA
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PLAN AnND
PREPARE

Warm-Up Exercises

Also available online

1.In AABC and AXZW, mZ A =
mzZXand m£B = m«Z What
can you conclude about mz C
and mZ W? They are the same.

x _ 54
2.Solve =9 108

3. AABC ~ A DEF. Find x. 10

E
B
el !
A 12 c D 15 F
Notetaking Guide

Available online

Promotes interactive learning and
notetaking skills.

Pacing
Basic: 1 day
Average: 1 day
Advanced: 1 day

Block: 0.5 block with
previous lesson

- See Teaching Guide/Lesson Plan.

FOCUS AnD
MOTIVATE

Essential Question

Big Idea 2

How can you show that two trian-
gles are similar? Tell students they
will learn how to answer this ques-
tion by showing that two pairs of
angles are congruent.

375



Motivating the Lesson

Ask students how to describe the
angles in two similar figures. Then
ask them how they could check if
two triangles in a design or graphic
drawing are similar. They should

be able to use the Triangle Sum
theorem to conclude that they need
to check for just two pairs of
congruent angles.

€ TEACH

Activity Note

The purpose of this activity is to
show that if two angles in two trian-
gles have the same angle measure,
then the third angles must have the
same measure and the correspond-
ing sides are proportional.

Extra Example 1

Determine whether the triangles
are similar. If they are, write a
similarity statement. Explain your

reasoning.

Y| z B’J =
537 A

X

£ Y= ZBhecause both are right
angles. By the Triangle Sum
Theorem, m£Z=31°soms£Z=
£ C. AXYZ~ A ABChy the AA
Similarity Postulate.

Key Question to Ask for

Example 1

» What is the name of the triangle
that is similar to A EDC? How
do you know the order for the
vertices? A EDC~ A HGK; corre-
sponding vertices appear in the
same position for each triangle.

376

@ Use the AA Similarity Postulate

: DRAW DIAGRAMS

P H cilu
PG K

i Use colored pencils to
: show congruent angles.
: This will help you write
: similarity statements.

Determine whether the triangles are c D H
similar. If they are, write a similarity
statement. Explain your reasoning.

Solution
Because they are both right angles, £ D and £ G are congruent.

By the Triangle Sum Theorem, 26° + 90° + mZ E = 180°, so m£ E = 64°.
Therefore, £ Eand £ H are congruent.

» So, ACDE ~ AKGH by the AA Similarity Postulate.

M Show that triangles are similar

1. In each triangle \/

all three angles
measure 60°, so by the
AA Similarity Postulate
the triangles are similar;
AFGH ~ NQRS.

2. Since m. CDF = 58°
by the Triangle Sum
Theorem and

m. DFE = 90° by the
Linear Pair Postulate the
two triangles are similar
by the AA Similarity
Postulate;

ACDF ~ ADEF.

Show that the two triangles are similar.

a. AABEand A ACD b. ASVRand AUVT

Solution
a. You may find it helpful to redraw the triangles separately.

Because mZABE and m« Cboth equal 52°, ZABE = £ C. By the
Reflexive Property, ZA= £ A.

» So, AABE ~ A ACD by the AA Similarity Postulate.

b. You know £ SVR= ZUVTDby the Vertical Angles U
Congruence Theorem. The diagram shows RS | TT S %
so £ S = £ Uby the Alternate Interior Angles Theorem.

» So, ASVR ~ AUVTby the AA Similarity Postulate.

GUIDED PRACTICE  for Examples 1 and 2

Show that the triangles are similar. Write a similarity statement.
1. AFGH and ARQS 2. ACDFand ADEF

G

3. REASONING Suppose in Example 2, part (b), SR TU. Could the triangles

still be similar? Explain.
Yes; if £8 = /T, the triangles are similar by the AA Similarity Postulate.

Q S c F E

376 Chapter 6 Similarity

Differentiated Instruction

Below Level Ask students to draw two scalene triangles.
Then have them draw a segment connecting two sides of each
triangle, parallel to the third side in one triangle and not parallel
in the other triangle. Ask the students to make a conjecture
about which drawing has similar triangles, then have them use
protractors and rulers to verify their conjecture.

See also the Differentiated Instruction Resources for more
strategies.




INDIRECT MEASUREMENT Previously, you learned a way to use congruent
triangles to find measurements indirectly. Another useful way to find
measurements indirectly is by using similar triangles.

* Standardized Test Practice

A flagpole casts a shadow that is 50 feet

long. At the same time, a woman standing
nearby who is five feet four inches tall casts a
shadow that is 40 inches long. How tall is the
flagpole to the nearest foot?

: ELIMINATE CHOICES
T e S PP PRI » @ 12 feet 40 feet

: Notice that the woman'’s

i height is greater than © 80 feet D 140 feet
i her shadow’s length.

: So the flagpole must be

: taller than its shadow’s

: length. Eliminate Solution

: choices A and B.

. oE =
I 15 B
71 i
T

The flagpole and the woman form sides of two right triangles with the
ground, as shown below. The sun’s rays hit the flagpole and the woman at
the same angle. You have two pairs of congruent angles, so the triangles are
similar by the AA Similarity Postulate.

xft
5ft4in.

40 in. 50 ft

You can use a proportion to find the height x. Write 5 feet 4 inches as
64 inches so that you can form two ratios of feet to inches.

xft _ 50ft

64in. 40 in. Write proportion of side lengths.

40x = 64(50) Cross Products Property
x =80 Solve for x.

» The flagpole is 80 feet tall. The correct answer is C. ® © ©®

\/ GUIDED PRACTICE  for Example 3

4. WHAT IF? A child who is 58 inches tall is standing next to the woman in
Example 3. How long is the child’s shadow? 36.25 in.

5. You are standing in your backyard, and you measure the lengths of the
shadows cast by both you and a tree. Write a proportion showing how
you could find the height of the tree.

Sample answer:

Differentiated Instruction

Kinesthetic Learners After discussing Example 3, take
students outside on a sunny day to find and solve a problem
similar to Example 3. Point out that they can use this strategy
to find the height of any tall object, such as a tree or a building.
Have students draw a diagram showing the two triangles. You
may wish to have different groups of students use people of
different heights to find the height of the same object and then
compare their answers.

See also the Differentiated Instruction Resources for more
strategies.

tree height _ length of tree shadow

your height - length of your shadow
6.3 Prove Triangles Similar by AA
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Extra Example 2

Show that the two triangles are
similar.

a. Q

m< ORP = 44° and m 2 OTS = 44°,
so £ ORP = ~ @TS. Also,

£0= ~20.S0 A QRP ~ A QTS
by the AA Similarity Postulate.

b. | . H
G

J
Z EFG = / JFH hecause they

are vertical angles, and EG | JH
so £ E= ~ Jhy the Alternate
Interior Angles Theorem. So

A EFG ~ A JFH by the AA
Similarity Postulate.

Study Strategy

For Example 2, instruct students
to redraw A AEB and A ADC sepa-
rately and mark the congruent parts.

Extra Example 3

A school building casts a shadow
thatis 26 feet long. At the same time
a student standing nearby, who is
71inches tall, casts a shadow that
is 48 inches long. How tall is the
building to the nearestfoot? C

@ 18ft 33ft
© 38ft D 1311t

Teaching Strategy

Point out that the procedure used
in Example 3 to find the height of an
objectindirectly is useful for verti-
cal objects like buildings and trees.
Encourage them to draw a diagram
and label it carefully.

Closing the Lesson

Have students summarize the major
points of the lesson and answer the
Essential Question: How can you

show that two triangles are similar?

e If two pairs of angles of two
triangles are congruent, you can
use the AA Similarity Postulate
to conclude that the triangles
are similar.

Show that two pairs of angles

are congruent and apply the AA

Similarity Postulate.
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PRACTICE
AND APPLY

Assignment Guide

Answers for all exercises
available online

Basic:
Day 1: EP for 3.1 Exs. 7-11
Exs. 1-20, 31-35

Average:

Day 1:

Exs. 1,2-12 even, 15-25, 31-37
Advanced:

Day 1:

Exs. 1,2,3-7 odd, 11-14, 16—30%,
32,34-40*%

Block:

Exs. 1,2-12 even, 15-25, 31-37
(with previous lesson)

Differentiated Instruction

See Differentiated Instruction
Resources for suggestions on
addressing the needs of a diverse
classroom.

Homework Check

For a quick check of student under-
standing of key concepts, go over
the following exercises:

Basic: 6, 12, 18, 31, 34
Average: 10, 12, 22, 32, 35
Advanced: 11, 16, 24, 32, 36
Extra Practice

- Student Edition

- Chapter Resource Book:
Practice levels A, B, C

Practice Worksheet

An easily-readable reduced

practice page can be found at
the beginning of this chapter.
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= See WORKED-OUT SOLUTIONS

63 EXERCISES """ O-smymcno

* = STANDARDIZED TEST PRACTICE
Exs. 2,16, 18, 19, 20, 33, and 38

. SKILL PRACTICE

[A] 1. VOCABULARY Copy and complete: If two angles of one triangle are
congruent to two angles of another triangle, then the triangles are _? . similar
2. % WRITING Can you assume that corresponding sides and
corresponding angles of any two similar triangles are congruent?
Explain. No; the ratio of corresponding sides would be the same but they
would not necessarily be congruent.

:EXAMPLE 1 | REASONING Use the diagram to complete the statement.
: for Exs. 3—-11
3. AABC~_2_~FED 4. BA-AC_CB pppp pE 5
25 _ 2 2 _ 18 y X £
) — 15, — =15,
5. 5 12 y 6 25 = 2 5 x 12 m
7.y=_2 20 8. x=_2 30 A % c F 15 D
AA SIMILARITY POSTULATE In Exercises 9-14, determine whether the
triangles are similar. If they are, write a similarity statement.
E 10. N nm a v ,
K M
42°
Y 35°
48° A similar; S 35°
G H J L X Z  ANYM ~ AZYX T
similar; AFGH ~ AKLJ not similar
: EXAMPLE 2

®
Y
L M
85°
w U a P N

similar; AYZX ~ AYWU similar; ANMP ~ ANLQ

12. £
PRI . A
! for Exs. 12-16 w
B w D
c

similar; ACBD ~ A\CAE

15. ERROR ANALYSIS Explain why the student’s similarity statement is
incorrect.

ABCD ~ EFGH

F
by AA Similarity B
Postulate
A CINE G o
The AA Similarity
>< D 7 Postulate is for

triangles, not
quadrilaterals.

2%
10
12 p

16. * MULTIPLE CHOICE What is the value of p? B

® 5 20
@© 288 (D Cannot be determined

378 Chapter 6 Similarity



17. ERROR ANALYSIS A student uses the proportion

% = %to find the value of x in the figure. Explain

why this proportion is incorrect and write a
correct proportion. 5should be replaced by 9, which 49
is the length of the corresponding side of the larger triangle. Sample answer: o = ~.

% OPEN-ENDED MATH In Exercises 18 and 19, make a sketch that can be
used to show that the statement is false. 18, 19. See margin.

18. If two pairs of sides of two triangles are congruent, then the triangles are
similar.

19. If the ratios of two pairs of sides of two triangles are proportional, then
the triangles are similar.

20. % MULTIPLE CHOICE In the figure at the right,
find the length of BD. A

35 37
® % ® ¥
20 12
© 2 @ 2

€3) ALGEBRA Find coordinates for point Eso that AABC ~ A ADE.
21. A(0,0), B0, 4), C(8, 0), D(©, 5), E(x, ) (10.0) v

22. A(0, 0), B(0, 3), C(4, 0), D(0, 7), E(x, y) (% 0) o

23. A(0,0), B0, 1), C(6,0), D(0, 4), E(x, ) (24,0)

9
24, A(Or 0)r B(O; 6)» C(3, 0); D(O) 9); E(xr J/) <E' 0> A l C E x

25. MULTI-STEP PROBLEM In the diagram, AB | DC, AE = 6, AB = 8, CE = 15
and DE = 10.

a. Copy the diagram and mark all given 1n§0rm argln A B
25h. Sample b. List two pairs of congruent angles in the diagram.
answer: 2 ABE . L . -
and . CDE, c. Name a pair of similar triangles and write a
 BAE and similarity statement. AABEand ACDE, NABE ~ ACDE c
2 DCE d. Find BEand DC. 4,20

@ REASONING In Exercises 26-29, is it possible for A JKL and AXYZto be
similar? Explain why or why not.

26. 7 2°, X=171%a
es; ]m A.}KL {<— 5% ﬁlg the trlang es sm%ar by the AA Similarity Postulate.
27. NJKLi t
ée]s el{ gr orrl?nrig corl}ﬂl f)n{)ﬁg n’(rilﬁe other angles could be the same.

29. No; since 28 n

"’fJ"' msK= * No; 8(7° 4§ d1§4 is already greater then the possible total for three angles in a triangle.
85° then 29. m£J+ msZK=85and m£LY + m£Z=80°

m/ L =95

Since m£ Y + 30. CHALLENGE If PT = x, PQ = 3x, and SR = 7x, find PSin p

m«Z = 80° then
mz X =100°
and thus neither
2 Ynor ZZcan
measure 95°.

terms of x. Explain your reasonlng
gx solve the proportion = s{where PS=a. S U

8
a+_x
3

6.3 Prove Triangles Similar by AA

Avoiding Common Errors
Exercise 13 Students may assume
that if XZis not parallel to WUthen
the triangles are not similar. Caution
them to find the measures of the
third pair of angles before answer-
ing the question.

Study Strategy

Exercise 25 Encourage students
to separate the triangles to help
them see which pairs of angle of
triangles are similar.

Exercises 26—29 Instruct students
to look for counterexamples by
drawing triangles for each of these
exercises.

18. Sample:
2cm :\
- 2 CM
3cm
19. Sample:
9cm
4cm
3cm

A 8 B
a
E
10 15
D ’ c
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Mathematical Reasoning

Exercise 35 This exercise is a proof
that if two triangles are similar, then
the angle bisectors of correspond-
ing angles have the same scale
factor as the corresponding sides.

A

35. U
v
s T R
N
P a

Since A STU ~ A PGRyou know
that £/ T= «Q0and £ UST= ZRPO.

Since SV bisects £ TSUand PN
bisects ~ QPR you know that
£ USV= ~VSTand ZRPN= « NPQ
by definition of angle bisector. You
know that m 2 USV + m / VST =
m« USTand m~Z RPN + m 2 NPQ
= m/ RPQ, therefore 2m £ VST =
2m / NPQ using the Substitution
Property of Equality. You now
have £ VST = ~« NPQ, which
makes A VST ~ A NPQ using the
AA Similarity Postulate. From this
SV _ ST
you know that N PO

37a. Sample:

37e. The measures of the angles
change, but the equalities remain
the same. The lengths of the sides
change, but they remain propor-
tional; yes; the triangles remain
similar by the AA Similarity
Postulate.

380

. PROBLEM SOLVING

: EXAMPLE 3 [A| 31. AIRHOCKEY An air hockey player returns the puck to his opponent by
""""""""""" bouncing the puck off the wall of the table as shown. From physics, the
angles that the path of the puck makes with the wall are congruent.
What is the distance d between the puck and the wall when the opponent
returns it? about 30.8 in.

; 66 in.——
32a. Angle- 32. LAKES You can measure the width of the lake using
Angle Similarity a surveying technique, as shown in the diagram.
Postulate

a. What postulate or theorem can you use to show
that the triangles are similar?

b. Find the width of the lake, WX. 78 m

33. The measure c. If XY = 10 meters, find VX. 130 m

of all angles in
an equilateral

triangle is 60°;
see margin for @ % SHORT RESPONSE Explain why all equilateral triangles are similar.
art. Include sketches in your answer.

34. AERIAL PHOTOGRAPHY Low-level aerial photos
can be taken using a remote-controlled camera
suspended from a blimp. You want to take an
aerial photo that covers a ground distance g of

50 meters. Use the proportion % = g to estimate

the altitude h that the blimp should fly at to
take the photo. In the proportion, use

f= 8 centimeters and n = 3 centimeters. These
two variables are determined by the type of g
camera used. 133% m

Not drawn to scale

35. PROOF Use the given information to draw a sketch. Then write a proof. See margin.

GIVEN P ASTU ~ APQR L
Point Vlies on Eso that ﬂbisects £ TSU.
Point Nlies on QR so that PN bisects £ QPR.

SV _ ST
PROVE ) PN PO

36. PROOF Prove that if an acute angle in one right triangle is congruent to

an acute angle in another right triangle, then the triangles are similar.
Sample answer: If £ Cin AABC and £ Fin ADEF are right angles, thens C= £ F.

Ifalso ~/A= 2D, then AABC ~ ADEFhy the AA Similarity Postulate.

% = STANDARDIZED

(O = See WORKED-OUT SOLUTIONS
TEST PRACTICE

in Student Resources

380

39. Let A ABC ~ /A DEF, let AN bisect £ BAC, and let DM bisect ~ EDF. By
the definition of similar triangles, £ B= ~ Eand £ BAC = ~ EDF. By the
definition of angle bisector, £ BAN = ~ NAC and £ EDM = « MDF. The
Angle Addition Postulate gives m~ BAN + m 2 NAC = m / BAC and

mZ EDM + m < MDF = m £ EDF. By substitution we get m £ BAN +

m~« NAC = m/ EDM + m £ MDF, and then m 2 BAN + m 2/ BAN =

m/ EDM + m EDM, and then 2m ~ BAN = 2m ~ EDM, so m £ BAN =

m < EDM. Now, by the AA Similarity Postulate, A BAN ~ A EDM so

AN _ AB where AB is the scale factor.

DM~ DE DE

© Hubert Stadler/Corbis



37. TECHNOLOGY Use a graphing calculator or computer.

37h. a. Draw A ABC. Draw DE through two sides of the —
m2 ADE = triangle, parallel to the third side. See margin. [ A |
mZ ACB and b. Measure 2 ADE and £ ACB. Measure £ AED and |
"’j :5‘[7:= ZABC. What do you notice? I D E l i ASSESS AND
m
c. What does a postulate in this lesson tell you about RETEACH
AADEand AACB? AADE~ AACB c B i .
d. Measure all the sides. Show that corresponding side L J Dally Homework Quiz

49. The two right lengths are proportional. Sample answer_.% — % — %— — % Also available online
Lr;a:;gl:ftif&rlﬂzd e. Move vertex A to form new triangles. How do your DEte'_’m_ine if the two trian_gles
and the two measurements in parts (b) and (d) change? Are the are similar. If they are, write a
sides measuring new triangles still similar? Explain. See margin. similarity statement.
aand bare 1. A
similar by the [C] 38. % EXTENDED RESPONSE Explain how you could use similar triangles to 45\
AA Similarity show that any two points on a line can be used to calculate its slope. £ 8
Postulate. Since
the ratio of the ¥y
I;’ypotenuses is p 55 -
, then the ratio Since the two triangles are similar the yes; A ABE ~ A ACD
of corresponding ratio of corresponding sides are the same
sides, which = l > therefore compare the vertical rise to the 20 N no
are the altitudes horizontal run.

of the original
triangles is the 39. CORRESPONDING LENGTHS Without using the Corresponding Lengths

same ratio by Property, prove that the ratio of two corresponding angle bisectors in

Corresponding similar triangles is equal to the scale factor. See margin.

Lengths

:,“ 7'""'3’ 40. CHALLENGE Prove that if the lengths of two sides of a triangle are a and b
olygons.

respectively, then the lengths of the corresponding altitudes to those

sides are in the ratio 2.

4. A tree casts a shadow that is
30 feet long. At the same time a
person standing nearby, who is
five feet two inches tall, casts a
shadow that is 50 inches long.
How tall is the tree to the near-
est foot? 37 ft

@ Online Quiz
Available at my.hrw.com

Diagnosis/Remediation

* Practice A, B, C in Chapter
Resource Book

« Study Guide in Chapter
Resource Book

see EXTRA PRACTICE in student Resources ) ONLINE QUIZ at my.hrw.com 381 * Practice Workbook
* @HomeTutor

Challenge

Additional challenge is available
in the Chapter Resource Book.
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6 4 Prove Triangles Similar
[ ]

PLAN AnD by SSS and SAS

PREPARE

Warm-Up Exercises You used the AA Similarity Postulate to prove triangles similar.
Also available online Now You will use the SSS and SAS Similarity Theorems.
Determine whether the two So you can show that triangles are similar, as in Ex. 28.

triangles are similar.
1.AABC: mZA =90°, m£ B = 44°;

ADEF-mzD=90° m/E = 46° Key Vocabulary In addition to using congruent corresponding angles to show that two

similar « ratio triangles are similar, you can use proportional corresponding side lengths.
2. AABC:m£A=132°,m/B=24° * proportion

ADEF: m£D=90°, m/F=24° * similar polygons ‘S JHL T Y] For Your Notebook

not similar
THEOREM 6.2 Side-Side-Side (SSS) Similarity Theorem

3.Solve L =X=1 5

12 3 If the corresponding side lengths of A R
. . two triangles are proportional, then A
Notetaking Guide the triangles are similar. A § T
Available online B ¢

AB _ BC _CA ~
If RS~ ST~ TR’ then AABC ~ ARST.

T T T T T T T Ty

Promotes interactive learning and
notetaking skills.

Pacing

Basic: 2 days Use the SSS Similarity Theorem

Average: 2 days
Advanced: 2 days Is either A DEF or A GHJ similar to A ABC?

Block: 1 block B D 12 F Y
« See Teaching Guide/Lesson Plan. /\ W /\
E
FOCUS AnD A 16 c J 16 G

MOTIVATE Solution

: APPLY THEOREMS

Essential Question Wien tsing the 568 » Compare AABC and ADEF by finding ratios of corresponding side lengths.
Big Idea 2 Similarity Theorem, Shortest sides Longest sides Remaining sides
How do you prove that two trian- C%mpar’]e }he Short%St AB _8 _4 cA_16_4 BC_12 _4
gles are similar by using the SSS i o gs'ht N ﬁ"ge“ sides, DE 6 3 FD 12 3 EF~ 9 3
Similarity Theorem? Tell students : a-r:, then the remaining
d * sides. . -

they will learn how to answer this » All of the ratios are equal, so AABC ~ ADEF.
question by using the ratios of Compare AABC and AGH]J by finding ratios of corresponding side lengths.
pairs of sides. Shortest sides Longest sides Remaining sides

AB _8 _ CA _16 _ BC_12 _6

GH 8 JG 16 H/ 10 5

» The ratios are not all equal, so AABC and AGH]J are not similar.

© Matthias Kulka/Corbis
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: USE AN

AUXILIARY LINE

: The Parallel Postulate
: allows you to draw an
: auxiliary line PQin

¢ ARST. There is only on
 line through point P
parallel to R(_)T S0 you

: are able to draw it.

: CHOOSE A METHOD

TS e £ SRS PR >

i You can use either
1 AB _ BC

— BC o AB _ AC
:DE  FF DE  DF
:inStep 1.

\/ GUIDED PRACTICE

@I sss similarity Theorem

Given p BS = ST _ IR K s
R T

JK KL Lj
PROVE P ARST ~ AJKL

= | Locate Pon RS so that PS = JK. Draw PQ so that PQ|| RT. Then ARST ~ APSQ

R RS _ ST _ TR
by the AA Similarity Postulate, and PS " SG - QP

e | You can use the given proportion and the fact that PS = JKto deduce that
SQ = KLand QP = LJ. By the SSS Congruence Postulate, it follows that
APSQ = AJKL. Finally, use the definition of congruent triangles and the
AA Similarity Postulate to conclude that ARST ~ AJKL.

Use the SSS Similarity Theorem

€3 ALGEBRA Find the value of x that makes A ABC ~ A DEF.

B E
4 i: x—1
12 18
A 8 c
D 3x+1) F
Solution
STEP T Find the value of x that makes corresponding side lengths
proportional.
4 _x—-1 . .
- 18 Write proportion.
4¢18=12(x—1) Cross Products Property
72=12x— 12 Simplify.
7T=x Solve for x.

STEP2 Check that the side lengths are proportional when x = 7.

BC=x-1=6 DF=3(x+1) =24
AB 2 BC 4 _ 6 4B 2 AC 4_8
DE ~ EF 12 18 DE ~ DF 12 24

» When x = 7, the triangles are similar by the SSS Similarity Theorem.

for Examples 1 and 2

1. Which of the three triangles are similar? R 24

Write a similarity statement.
AMLN ~ AZYX
2. The shortest side of a triangle similar

to ARSTis 12 units long. Find the other
side lengths of the triangle. 15, 16.5

6.4 Prove Triangles Similar by SSS and SAS
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Motivating the Lesson

Ask students to draw a triangle and
measure each side. Then have
them draw a similar triangle with
sides half as long. Discuss how
they know that the smaller triangle
is similar to the larger one.

© TEACH

Extra Example 1

Is either A PQR or A STU similar
to AXYZ?

Y
25

38 21

P 42 R

AXYZ ~ A\ PQR; A\ XYZis not
similar to A STU.

Key Question to Ask for

Example 1

* Do the ratios of all three pairs
of corresponding sides have to
be equal if the two triangles are
similar? yes

Extra Example 2

Find the value of xthat makes
AXYZ~ A PQGR. 8

X 12 z P 3x-2) R

Key Questions to Ask for

Example 2

» What is the scale factor for the
triangles? 4:120r1:3

- How is the scale factor used to
find x? You write and solve a
proportion involving the scale
factor and x.

383



Extra Example 3

You enlarge A XYWto A JHK as
shown. Is A XYW similar to A JHK?

XW =16, JK =24

yes

Key Questions to Ask for
Example 3

» What method can you use to
show that the triangles are
similar? You can show thata
corresponding pair of angles are
congruent and that the lengths of
the sides that include the angles
are proportional.

- Are the lengths of all three pairs
of sides proportional? yes

384

For Your Notebook

THEOREM

- THEOREM 6.3 Side-Angle-Side (SAS) Similarity Theorem

- If an angle of one triangle is congruent to an angle
- of asecond triangle and the lengths of the sides

: including these angles are proportional, then the

- triangles are similar.

S IfszX=sMand ZX = XY then AXYZ~ A MNP.

PM~ MN

M Use the SAS Similarity Theorem

CONCEPT SUMMARY

LEAN-TO SHELTER You are building a lean-to shelter starting from a
tree branch, as shown. Can you construct the right end so it is similar
to the left end using the angle measure and lengths shown?

sl s e TEe

Solution
Both m«£Aand m« Fequal 53° so LA = £F. Next, compare the ratios
of the lengths of the sides that include Z£Aand £ F.

Shortersides — == =3 Longer sides —= = — =7<%

The lengths of the sides that include £ A and £ F are proportional.

» So, by the SAS Similarity Theorem, A ABC ~ AFGH. Yes, you can
make the right end similar to the left end of the shelter.

For Your Notebook

Triangle Similarity Postulate and Theorems

AA Similarity Postulate

If /A= sDand 2B = /E, If

then AABC ~ ADEF.

384

SSS Similarity Theorem SAS Similarity Theorem

AB _ BC _ AC
DE EF DF
AABC ~ ADEF.

= AB _ AC
If ZA = 4D and DE = DF'

then AABC ~ ADEF.

then

Chapter 6 Similarity



@2V LIIF S Choose a method

: VISUAL REASONING

: To identify

i corresponding parts,

: redraw the triangles so
: that the corresponding
i parts have the same

: orientation.

6.4 EXERCISES O

Tell what method you would use to E
show that the triangles are similar. A 18 15
9
B 30 D
Solution

Find the ratios of the lengths of the corresponding sides.

Shorter sides — = — =% c -1 :

Longer sides

The corresponding side lengths are proportional. The included angles £ ACB
and £ DCE are congruent because they are vertical angles. So, AACB ~ A DCE
by the SAS Similarity Theorem.

(AnimateaGeometry  at my.hrw.com

GUIDED PRACTICE  for Examples 3 and 4

Explainhow to show that the indicated triangles are similar.
3. ASRT~ APNQ 4. AXZW~ ANYZX

S X
P
2 WL 27 | \E
R 28 T N 21 Q w 16 Zz 3V YXZ wx 4
— SR _ RT _ 4 = e _ A2 _ VWA _ 2

ZR=2Nand 2 = 1 = - therefore the < Wzx AXZY-and XZ2=vz X "3
triangles are similar by the SAS Similarity therefore the triangles are similar by
Theorem. either SSS or SAS Similarity Theorems.

HOMEWORK: = SEE WORKED-OUT SOLUTIONS

for Exs. 3,7, and 31

% = STANDARDIZED TEST PRACTICE
Exs. 2, 14, 32, 34, and 36

_SKILL PRACTICE

[A] 1. VOCABULARY You plan to prove that A ACBis similar to A PXQ by the
SSS Similarity Theorem. Copy and complete the proportion that is

needed to use this theorem: ’%‘ = );_Q = g
PX CB PO

2. % WRITING If you know two triangles are similar by the SAS Similarity
Theorem, what additional piece(s) of information would you need to

know to show that the triangles are congruent?
You would need to know that one pair of corresponding sides is congruent.

: EXAMPLES

: for Exs. 3-6

SSS SIMILARITY THEOREM Verify that A ABC ~ A DEF. Find the scale factor
of AABCto ADEF.

@AABC: BC=18, AB= 15, AC = 12
ADEF: EF = 12, DE = 10, DF = 8

4. AABC: AB =10, BC= 16, CA =20
ADEF: DE = 25, EF = 40, FD = 50
18 _15_123

12 10 8'2 25

6.4 Prove Triangles Similar by SSS and SAS 385

Extra Example 4

Tell what method you would use to
show that the triangles are similar.

52 24
16 12
20 15

SSS Similarity Theorem

Teaching Strategy

Ask students to summarize the
triangle similarity postulates and
theorems by drawing and labeling
a diagram for each and writing a
conditional statement for each
situation.

(Animated Geometry

my.hrw.com

An Animated Geometry activity is
available online for Example 4. This
activity is also part of Power
Presentations.

Closing the Lesson
Have students summarize the major
points of the lesson and answer the
Essential Question: How do you
prove that two triangles are similar
using the SSS Similarity Theorem?
* You can prove triangles are simi-
lar by the AA Similarity Postulate,
the SSS Similarity Theorem, and
the SAS Similarity Theorem.

Compare the ratio of each pair of
corresponding side lengths. If they
are all equal, then the triangles
are similar by the SSS Similarity
Theorem.
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PRACTICE
AND APPLY

Assignment Guide
Answers for all exercises

5. SSS SIMILARITY THEOREM Is either AJKL or ARST similar to A ABC? ARST

B 8 C K 1 L S 4 T
|
! 5 1 R

2 J

6. SSS SIMILARITY THEOREM Is either AJKL or ARST similar to AABC? AJKL

available online L
Basic: B 25 T
Day 1: 16 14 175 16 105
Exs. 1-6, 28-30, 32 ’
Day 2: A 20 c K 2 J R 12 S
Exs.7-17,31, 33, 34
Average: {EXAMPLE3 | SASSIMILARITY THEOREM Determine whether the two triangles are
Day 1: : for Exs. 7-9 similar. If they are similar, write a similarity statement and find the scale
Exs. 1-6, 18-23, 28-30, 32 factor of Triangle B to Triangle A.
Day 2: ( : )
D 15 F X 8. S
Exs.7-17,24,31,33-37 10. A‘ﬁs
. AGHJ ~ AFHK;
Advanced: Pl . A 10 g m . 2 J
Day 1: e
Exs. 1,2,5,6,18-23,25-30%, 32 10
KF _ % thus the a B
Day 2: J6 3 y.6 W K not similar
Exs.8,9,11,12,14-17, 24, 31, triangles are similar; AFDE ~ AXWY;2:3
33-38*% similar by the : .
SSS Similarity 9. €9 ALGEBRA Find the value of n that makes APQR~ AXYZwhen P?_ =4, o
Block: Theorem. QR=5XY=4(n+ 1), YZ=7n—1,and £ Q= £ Y. Include a sketch, % S€€marginforart.
Exs. 1-24, 28-37

SHOWING SIMILARITY Show that the triangles are similar and write a
similarity statement. Explain your reasoning.

Differentiated Instruction : for Exs. 10-12

See Differentiated Instruction

. 10. F 11. E 12 X 30 7
Resources for suggestions on n. 5 y\ J
addressing the needs of a diverse AABC~ ADEC; G n A7 21 'w
classroom. £ACB = 2 DCE 15 T 18 D y 35
by the Vertical N
Angles
Homework CheCk ccggruence H 165 J55 K B G 50 D
For a quick check of student under- Theorem and
i AC _ BC _3 i
standing o_f key con_cep’FS, go over = E= 7 13. ERROR ANALYSIS Describeand correct s apc — A pgr by SAS Similarity Theorem
the following exercises: The triangles are the student’s error in writing the
Basic: 4,8, 10, 29, 33 similar using the IpTs aNsworeThe Biangle feti=® IR :
Average: 5, 8, 11, 30, 33 SAS Similarity correspondence is not listed in the &6 - -
Advanced: 6, 9, 12, 32, 33 Theorem. correct order; AABC ~ ARQP. 24\ 86 ><
. 12. c el
Extra Practice AXYZ~ ADJG;
.. /D= /Xand
- Student Edition
DG _DJ_5 i MN _ MP
- Chapter Resource Book: Xz XV 3 14. * MULTIPLE CHOICE In the diagram, = = MG
Practice levels A, B, C The triangles are Which of the statements must be true?
similar by the ® L1=22 @HW
Practice Worksheet SAS Similarity -
eorem. © ZLl=/4 @ AMNP~ AMRQ

An easily-readable reduced

% = STANDARDIZED
TEST PRACTICE

(O = Ssee WORKED-OUT SOLUTIONS

practice page can be found at 386 in Student Resources

the beginning of this chapter.

9. X
4n+1)
P
/¥
R b Q? Z 7n—1 Y

386



27. In similar
triangles the
ratio of the areas
is the square of
the scale factor.
Sample answer:
Let the base and
height of AVWX
measure 3a and
3b and the base
and height of [C]
A ABC measure
2aand 2b.
The ratio of
their areas
3a(3b)

2 _9
2a(2b) &
2

is

DRAWING TRIANGLES Sketch the triangles using the given description.
Explain whether the two triangles can be similar. 15-17. See margin for art.

15. In AXYZ, mz X = 66°and m£Y = 34°. In ALMN, m/ M = 34° and
m« N = 80°. They are similar by the AA Similarity Postulate.

16. In ARST, RS = 20, ST = 32, and m£ S = 16°. In AFGH, GH = 30,
HF = 48, and m« H = 24°. They are not similar since the larger side in ARST
would not be opposite the largest angle.
17. The side lengths of A ABC are 24, 8x, and 54, and the side lengths of
ADEF are 15, 25, and 7x. They are not similar since the ratio of corresponding sides
is not constant for any arrangement of side lengths.
FINDING MEASURES In Exercises 18-23, use the 28
diagram to copy and complete the statements. 1l 128 M
L]

18. mZNQP=_2 _53° 19. mZQPN=_2 _45° - 16
20 45°
20. m£PNQ= _? 82° 21. RN=_2 24 N
22. PQ=_2 42 23. NM=_2 162 242
24. SIMILAR TRIANGLES In the diagram at the right, ]
name the three pairs of triangles that are similar. P R 18 Q

ANSMand ANRP, ANSL and ANRQ, ANLM and ANQP
CHALLENGE In the figure at the right, AABC ~ AVWX. v
51
25. Find the scale factor of A VIWXto A ABC. % ’_N

26. Find the ratio of the aléea of AVWX % - Y W A
to the area of A ABC. H 34

27. Make a conjecture about the relationship between the scale factor in
Exercise 25 and the ratio in Exercise 26. Justify your conjecture.

_ PROBLEM SOLVING

29.The L
triangle whose
sides measure
4 inches,

4 inches, and
7inchesis
similar to the
triangle whose
sides measure
3inches,
3inches, and
5.25 inches.

: EXAMPLE 1

28. RACECAR NET Which postulate or theorem could you use to show that the
three triangles that make up the racecar window net are similar? Explain.

AA Similarity

Postulate; in

AAGB £ Aand
« AGB are congruentto £ Aand £ AFC
in AAFC. In AAFC 2 Aand £ AFC are
congruentto £ Aand £ AEDin AAED.

29. STAINED GLASS Certain sections of stained glass are sold in triangular

beveled pieces. Which of the three beveled pieces, if any, are similar?

BG || CF, CF| DE

3in. :
Tin. 5.25n.

4in. 3in

3in.

5in.
4in. 3in.

6.4 Prove Triangles Similar by SSS and SAS 387

B12D c

Teaching Strategy

Exercises 5, 6, 10-12, 15-17 Ask
students to summarize the exercises
by writing a paragraph explanation
of when two triangles are similar or
not similar.

Avoiding Common Errors

Exercises 11, 18-23 Students may
have difficulty writing the correct
ratio of corresponding lengths for
these pairs of triangles. Encourage
them to redraw the triangles sepa-
rately and re-label them.

15. Z
X 66° 34 v
N
80°
L o M
16. T
16° 32
F
S 20 R
48
H 30 G
17. E
15 7x
D 25 F
B
24 8x
A 54 ©
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SHUFFLEBOARD In the portion of the shuffleboard court shown, ﬁ—g = %

A
—~
(Animatea Geometry E
my.hrw.com w
An Animated Geometry activity is E’
—|
E

available online for Exercise 33.
This activity is also part of Power
Presentations.

30. %‘E’ is the 30. What additional piece of information do you need in order to show that
Mathematical Reasoning same scale A BCD ~ A ACE using the SSS Similarity Theorem?
Exercise 34 In part (a), the Eﬁg:rrgfi;he @ What additional piece of information do you need in order to show that

Pythagorean Theorem will help
students see that the ratio of the

A BCD ~ A ACE using the SAS Similarity Theorem? ~CBD= ~/CAE

third pair of corresponding side 32. % OPEN-ENDED MATH Use a diagram to show why there is no Side-Side-Angle
lengths is the same as the other Similarity Postulate. See margin.
ratios. Therefore, the triangles
are similar by the SSS Similarity : EXAMPLE 4 [B] 33. MULTI-STEP PROBLEM Ruby is standing in
Theorem. : for Ex. 33 her back yard and she decides to estimate
the height of a tree. She stands so that the tip
32 of her shadow coincides with the tip of the

tree’s shadow, as shown. Ruby is 66 inches
20° : tall. The distance from the tree to Ruby is
95 feet and the distance between the tip of
the shadows and Ruby is 7 feet.

S 4
20° a. What postulate or theorem can you use to show that the triangles in the
A XYWis not similar to A XZW. :;%ssx;péfven diagram are similar? AA Similarity Postulate
34a. 0 th_at D_and E are b. About how tall is the tree, to the nearest foot? 80 ft
6& midpoints of c. What If? Curtis is 75 inches tall. At a different time of day, he stands so
30 8 ABand _BL‘ that the tip of his shadow and the tip of the tree’s shadow coincide, as
i respectively the described above. His shadow is 6 feet long. How far is Curtis from the tree? 70.8 ft
Midsegment
Theorem (Animatea Geometry | at my.hrw.com
oY guarantees that
36. V. : . AC| DE. By the . . .
. Yes. Sample answer: All pairs Corresponding 34. % EXTENDED RESPONSE Suppose you are given two right triangles
of similar triangles have angle Angles with one pair of corresponding legs and the pair of corresponding
pairs whose measures are in Postulate hypotenuses having the same length ratios.
proportion (with constant of £A= /BDE a. The lengths of the given pair of corresponding legs are 6 and 18, and the
proportionality 1). and so £ BDE lengths of the hypotenuses are 10 and 30. Use the Pythagorean Theorem

is aright angle.

37. Sample answer: Locate G on to solve for the lengths of the other pair of corresponding legs. Draw a

i i Reasoning - . -
AB so that GB = DE. Draw GHso similarly diagram. 8, 24; see margin for art.
that GH || AC. This makes A ABC ~ AB| EF. By b. Write the ratio of the lengths of the second pair of corresponding legs. %
A GBH by the AA Similarity the Alternate c. Are these triangles similar? Does this suggest a Hypotenuse-Leg Similarity
Postulate. From this similarity you Interior Angles Theorem for right triangles? yes; yes

AB AC ) ) Congruence
have GB_ GH This along with Lh;gzz _ pef. | 35 PROOF Given that A ABCis a right triangle and B

e i GH _ GB S ’ D, E, and F are midpoints, prove that m«£ DEF = 90°. E
what's given you get — = — This makes D

_DF _DE 2 DEFa right
which implies that GH = DF, angle that 36. % WRITING Can two triangles have all pairs of =
making A GBH = A DEF. Finally, measures 90°. corresponding angles in proportion? Explain. See margin. A F ¢
use the definition of congruent O %
i P T = See WORKED-OUT SOLUTIONS = STANDARDIZED

triangles and the AA Similarity 388 in Student Resources TEST PRACTICE
Postulate to conclude A ABC ~
A DEF.
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37. PROVING THEOREM 6.3 Write a paragraph

B E
proof of the SAS Similarity Theorem.
AB /S_l%e margin.
Ab _ A6 G H D F
GIVEN b LZA= /D, DE - DF | .

PROVE P A ABC ~ ADEF

ASSESS aAnD
RETEACH

Daily Homework Quiz
Also available online

1. Verify that A ABC ~ A DEF
for the given information.
AABC: AC=6,AB=19, BC =
ADEF.DF=2,DE=3,EF=4
AC _ AB _ BC

_BC _3 :
DF— DE_ EF 1.The ratios

are equal, so A ABC ~ A DEFhy
the SSS Similarity Theorem.

In the diagram, ABCD ~ KLMN. 2. Show that the triangles are similar

1. Find the scale factor of ABCD to KLMN. 5:3 Aid "‘f”te a Slmlla”t.y ST
Explain your reasoning.
2. Find the values of x, y, and z. 42,217, 85 y
30 1507 45

3. Find the perimeter of each polygon

[C] 38. CHALLENGE A portion of a water slide in
an amusement park is shown. Find the
length of EF. (Note: The posts form right
angles with the ground.) about 15.4 ft

X z
1917 115
B
Copy the figure. Draw the indicated s1mllarity transformation of the figure 40_—5o° 60
with center A. A c
4. dilation 5. dilation then reflection 6. dilation then rotation Xy _Yz _3 and /Y= /B
AB~ BC 4
So A XYZ ~ A ABC by the SAS
A Similarity Theorem.
A A
4-6. Check students’ drawings. ;@ Online Quiz
Determine whether the triangles are similar. If they are similar, write a Available at my.hrw.com
similarity statement.
2w Diagnosis/Remediation

8. F R_25 X 9. L M
Z 90D v * Practice A, B, Cin Chapter
20 ﬁn 28 \32 G Resource. Bopk
w0\ [® A « Study Guide in Chapter
A 20 ¢ H Resource Book
S J

N
P 36 Y * Practice Workbook
not similar similar; AACF ~ AXRS similar; AMGL ~ AJGH - @HomeTutor
Challenge

Additional challenge is available
in the Chapter Resource Book.

An easily-readable reduced
copy of the quiz from the

Assessment Book can be

see EXTRA PRACTICE in student Resources 7)) ONLINE QUIZ at my.hrw.com 389 found at the beginning of this
chapter.
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MIXED REVIEW of Problem Solving

B SZ'"" L 1. OPEN-ENDED A UVWis aright triangle with 7. EXTENDED RESPONSE You leave your house
side lengths of 3 cm, 4 cm, and 5 cm. Draw to go to the mall. You drive due north
5cm and label A UVW. Then draw a triangle 8 miles, due east 7.5 miles, and due north
3cm similar to AUVW and label its side lengths. again 2 miles.
What scale factor did you use? See margin for art.
v 4cm w Sample answer: %
2. GRIDDED ANSWER In the diagram,
b 55 em A ABC ~ ADEF. The scale factor of A ABC
1.5 cm : to ADEFis 3:5. Find AC. 1.2
E 2cm F F
3. Translate LMN so that L 5 Z
coincides with 0. Dilate LMN so ii b
twhlal: MFO'."c'de.s with R. Then N A cC E a. Explain how to prove that AABC ~ A EDC.
coincide with S. . . See margin.
4. Yes. Translate LMN so that L For Exercises 3-5, use the triangles below. b. Find CD. 1.5 mi
coincides with S. Reflect LMN so c. Find AE, the distance between your house

that LM is colinear with SR. Dilate y and the mall. 12.5 mi
LMN so that M coincides with R. YR

Then N will coincide with 0. 5 ﬁ5 15 NG

5. No. Translate LMN so that L

coincides with Q. Reflect LMN so L N

that LM is colinear with @S. Dilate 2 P

LMN so that M coincides with S.

Then N will not coincide with R. 3. Which postulate or theorem could you use

6a. Use the AA Similarity Postulate to prove that the diagram shows two similar

since 2 Dand £ B are right angles triangles? AA Similarity Postulate or SAS Similarity Theorem
and £ ACB = £ ECD by the Vertical 4. Which transformation(s) could you use to

Angles Congruence Theorem. show that LMNis similar to SRQ? dilation and translation

5. Which transformation(s) could you use to
show that LMN is similar to QSR? dilation, reflection, and translation

6. OPEN-ENDED The diagram shows the front
of a house. What information would you
need in order to show that AWXY ~ AVXZ

using the SAS Similarity Theorem? % = %

[0lJosephfSohmaVisionslof/America/Rhotodisc)/Gettylimages)

390 Chapter 6 Similarity
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6.5

Use Proportionality

Theorems

You used proportions with similar triangles.
You will use proportions with a triangle or parallel lines.
So you can use perspective drawings, as in Ex. 28.
Key Vocabulary The Midsegment Theorem is a special case of the Triangle Proportionality
« corresponding Theorem and its converse.
angles
« ratio

¢ proportion

i~ THEOREMS For Your Notebook

T T T T T T T T T T T T Y
'PEFPPErPPErPPEErPEFPPPErPREFPPEFPPEFEPEED

THEOREM 6.4 Triangle Proportionality Theorem

If a line parallel to one side of a triangle a I
intersects the other two sides, then it
divides the two sides proportionally.
S U
— RT _RU
If TU| @S, then 77 = e

THEOREM 6.5 Converse of the Triangle Proportionality Theorem

If a line divides two sides of a triangle Q
proportionally, then it is parallel to the
third side.
S
RT _RU
If T_Q =Us

Solution
g—% = Rg—‘; Triangle Proportionality Theorem
RQ _ 4 .
9 "% Substitute.
RQ=6 Multiply each side by 9 and simplify.

6.5 Use Proportionality Theorems

Find the length of a segment

In the diagram, wﬂ UT, RS =4, ST_= 6,
and QU = 9. What is the length of RQ?

T

U

then TU| GS.

391

PLAN AnND
PREPARE

Warm-Up Exercises
Also available online

1. Give the postulate or theorem
that justifies why the triangles
are similar.

80°
80°
AA Similarity Postulate

16 _ 12— x
2.Solve B 8

Notetaking Guide
Available online

Promotes interactive learning and
notetaking skills.

Pacing

Basic: 2 days

Average: 2 days

Advanced: 2 days

Block: 1 block

- See Teaching Guide/Lesson Plan.

FOCUS AnD
MOTIVATE

Essential Question
Big Idea 1

What proportion can you write if
aline is parallel to one side of a
triangle? Tell students they will
learn how to answer this question
by using a generalization of the
Midsegment Theorem.
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REASONING Theorems 6.4 and 6.5 also imply the following:

! REVIEW
CONTRAPOSITIVES  Contrapositive of Theorem 6.4 Contrapositive of Theorem 6.5
q g i When an if-then RT , RU TN AT TN AT RT , RU
MOt“’atlng the Lesson ! statement is true, its It TQ * us’ then TUY QS. I TUA QS, then TQ * Us’
Show students this diagram of a : contrapositive is also
wheelchair ramp. LL _
B @2V I8P R Solve a real-world problem
24in. ' g
—
20" ‘//,? SHOERACK On the shoerack shown, c
(_7 AB =33 cm, BC= 27 cm, CD = 44 cm, «
Ask them what vertical distance a}?dlfl?E =25 le'lﬁx”l“l’.l” ‘ghy the gray B\ AWML 7
corresponds with going up 20 feet sheltis not paraflel to the Hoor. N \
on the ramp. Discuss with them that A \D
2 .
3 of the ramp distance corresponds solution 2
with % of the vertical height. Tell Find and simplify the ratios of lengths determined by the shoerack.
students that in this lesson they CD _ 44 CB_27_9
will investigate other properties DE 25 BA 33 11
related to a line parallel to one side L L
of a triangle. » Because % * %, BDis not parallel to AE. So, the shelf is not parallel
to the floor.
/ GUIDED PRACTICE  for Examples 1 and 2
Extra Example 1 — —
In the diagram RS|IPN. MS =15 1. Find the length of YZ. % 2. Determine whether PS| QR.
SN = 20, and RP = 12. What is the v 3w m X parallel 5
— P
length of MR? 9 % 90
i Y

;- THEOREMS For Your Notebook

Extra Example 2 :
THEOREM 6.6

A brace is added to a tree house
as shown. Explain why the brace
is not parallel to the floor.

If three parallel lines intersect two
transversals, then they divide the
transversals proportionally.

IR R R R R R R R R R R R R R R R R R R R R R R R E]

THEOREM 6.7 2
If a ray bisects an angle of a triangle, then

i it divides the opposite side into segments D
whose lengths are proportional to the

U lengths of the other two sides. ¢ B

AD _cA

RS _ RT . _o7: TV be 8

U # 7vS° STis not parallel to UV

and the brace is not parallel to the

floor. 392 cChapter 6 Similarity

Differentiated Instruction

Auditory Learners Have students complete Guided Practice
Exercises 1 and 2 with a partner. Instruct them to talk about the
problem as they work through it. They should work together to
describe the steps they are taking to solve the problem as if they
were describing a proof.

See also the Differentiated Instruction Resources for more
strategies.
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m Use Theorem 6.6

CITY TRAVEL In the diagram, £ 1, £2,and £3
are all congruent and GF = 120 yards, . El Mainst }7/;
DE = 150 yards, and CD = 300 yards. Find 2 150
the distance HF between Main Street and 120 Second St.
South Main Street. G D
: ANOTHER WAY Solution - 3080 © Vain St
et rraeneesane s outh Main St.
: For alte.rnatlve methods Corresponding angles are congruent, so l(:_)E, Hl /C
: for solving the problem — >
: in Example 3, see GD, and HC are parallel. Use Theorem 6.6.
: the Problem Solving HG _ CD . o )
i Workshop. GF = DE Parallel lines divide transversals proportionally.
HG+ GF _ CD + DE .
CF - DE Property of proportions
HF _ 300 + 150 .
0= 1830 Substitute.
HF _ 450 -
120 ~ 150 Simplify.
HF = 360 Multiply each side by 120 and simplify.

» The distance between Main Street and South Main Street is 360 yards.

Use Theorem 6.7

In the diagram, £ QPR = £ RPS. Use the given
side lengths to find the length of RS.
Solution

Because PR isan angle bisector of £ QPS, you can
apply Theorem 6.7. Let RS = x. Then RQ = 15 — x.

RQ _ PQ Angle bisector divides opposite
RS PS side proportionally.
15-x_ 7 .
= " 13 Substitute.
7x =195 — 13x  Cross Products Property
x=9.75 Solve for x.

\/ GUIDED PRACTICE | for Examples 3 and 4

Find the length of AB.
3 192 4. ¢ 42
B 4
° 4 aa| M
4
T AT I A B

6.5 Use Proportionality Theorems

Differentiated Instruction

Below Level To help students remember how to write the
proportion for Theorem 6.7, ask them to label CAas Side 1, AD

as Part 1, CB as Side 2, and DB as Part 2. They should notice
that Side 1is adjacent to Part 1, and Side 2 is adjacent to Part 2.

.. Side1 _ Part1
Then the correct proportion is Side2  Part2'
See also the Differentiated Instruction Resources for more
strategies.
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Extra Example 3
Using the information in the dia-

gram, find the distance between
First Street and Main Street.

Q R S
L]160 m 320 m
\Z \ZC
T 340 m
U \3(
| 3 :
/- ;
510 m
Key Question to Ask for
Example 3

» Why is itimportant that £1 =
£2 = /37 The streets need to
be parallel to apply Theorem 6.6.

Extra Example 4

In the diagram, £ ABD = £ CBD.
Use the given side lengths to find

the length of DC.

B,
24 32
A D X c
} 40 |
6
225
Closing the Lesson

Have students summarize the major

points of the lesson and answer the

Essential Question: What propor-

tion can you write if a line is parallel

to one side of a triangle?

¢ A line parallel to one side of a
triangle intersecting the other
sides divides those sides propor-
tionally, and vice versa.

¢ Three parallel lines intersecting
two transversals divide the
transversals proportionally.

¢ An angle bisector of a triangle
divides the opposite sides into
segments whose lengths are
proportional to the lengths of
the other sides.

In A ABC, with Don AB and Eon AC,

< PE | Brhan AD _ AE
if DE || BCthen - = '
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HOMEWORK : = -
65 EXERCISES QK] O peanuap-oursovumons

% = STANDARDIZED TEST PRACTICE
Exs. 2,8, 13, 25, and 28

PRACTICE
AND APPLY

. SKILL PRACTICE

[A] 1. VOCABULARY State the Triangle Proportionality Theorem. Draw a diagram.
Assignment Guide See margin.
Answers for all exercises 2. % WRITING Compare the Midsegment Theorem and the Triangle
available online Proportionality Theorem. How are they related? See margin.

Basic: : EXAMPLE 1 | FINDING THE LENGTH OF A SEGMENT Find the length of AB.

Day 1: s .................... -
: for Exs. 3—4 E9 4. A 21

Exs. 17,13, 16,22 3. A
Day 2:

Exs.8-12, 14,15, 21, 23-26

Average:

Day 1:

Exs. 1-7, 13, 16, 22

Day 2: : EXAMPLE 2 REASONING Use the given information to determine whether KM|| JN.

Exs.8-12, 14, 15, 17-19, 21, 23-28 : for Exs. 5-7 Explainyour reasoning. 5-7. See margin.
Advanced: 6. J 7. J N

. 10
Day 1: K - /8
18 K i
0

Exs. 1-7,13, 16, 22

Day 2:

Exs. 8,10, 11, 14,15, 17-21%,
23-29*

Block:
Exs. 1-19 21-28 : EXAMPLE 3 8. % MULTIPLE CHOICE For the figure at the right,

~
N
-
=<
&
=

i forEx. 8 which statement is not necessarily true? C R
0 0 . P
Differentiated Instruction PQ  ur s OR

See Differentiated Instruction ® QR TS UT~ PQ
Resources for suggestions on QR TS PQ  UT v S
addressing the needs of a diverse © RS~ RS ) PR US l l l

classroom.

: EXAMPLE 4 | @) ALGEBRA Find the value of the variable.

Homework Check CforExs oo13
For a quick check of student under-
standing of key concepts, go over 15 14 8 ! 15
the following exercises:

Basic: 3, 6, 8, 10, 22 2 4 6
Average: 4,7, 8,10, 23
Advanced: 7, 11, 16, 24, 25

X 10 10. 12 11. z 1

45

12. ERROR ANALYSIS A student begins to solve

for the length of AD as shown. Describe and A 20 c
Extra Practice correct the student’s error. D
-~ The length of CDis not 20; 10 = 20 =X 10 6
« Student Edition 6 x S

« Chapter Resource Book:
Practice levels A, B, C AB _ AD 10 _ 20 —x

Practice Worksheet

An easily-readable reduced

practice page can be found at 394 Chapter6 Similarity
the beginning of this chapter.

1. If a line parallel to one side of B 2. In the Midsegment Theorem,
a triangle intersects the other & the segment connecting the mid-
two sides, then it divides the two points of two sides of a triangle is
sides proportionally. c parallel to the third side, which
is a special case of the Converse
D CE_CD of the Triangle Proportionality
A EB DA Theorem.

394



13. % MULTIPLE CHOICE Find the value of x. C

19c. See margin
for art; parallel
lines divide
transversals
proportionally.
Since

AD _ DE _ EF _
DE~ EF~ FG~
1 implies

AJ _ JK_ KL _
JC KL LB

1 which means
AJ=JK= KL
= LB.

[C] 20. CHALLENGE Given segments with lengths 7, s, and t, ——
construct a segment of length x, such that g = é See margin. —

6x 18

® ;
© 2

1
2x +1 »> 1.5
® 3 2

Y
1]

€3 ALGEBRA Find the value of the variable.
14. 27

165 P 1 36

15. X 9
q

|1 29 | 28

FINDING SEGMENT LENGTHS Use the diagram to find the value of each
variable.

16.

a=22.8125b=15.625,c=15d=5e=4,f=8

18. ERROR ANALYSIS A student claims BD _ AB
that AB = AC using the method shown. b — A Because BD = CD,
Describe and correct the student’s.error. it follows that AB = AC.
The student cannot make the claim
because it is not given that AD bisects
ZA.

a=9b=4,c=3,d=2

19. CONSTRUCTION Follow the instructions for constructing a line segment
that is divided into four equal parts.

a. Draw a line segment that is about 3 inches
long, and label its endpoints A and B.
J— —
Choose any point Cbnot on AB. Draw AC.

. a, b. See figure in part (c).
b. Using any length, place the compass point at

Aand make an arc intersecting AC at D.
Using the same compass setting, make
additional arcs on AC. Label the points
E, F, and Gso that AD = DE = EF = FG.

c. Draw GB. Construct a line parallel to GB
through D. Continue constructing parallel

lines and label the points as shown. Explain
why AJ= JK= KL = LB.

AN koL

6.5 Use Proportionality Theorems

Vocabulary

Exercise 19 Students may need to
review how to identify correspond-
ing angles and that if corresponding
angles are congruent, then the lines

are parallel.
20.
N
t
X
r S \
A B ©

395

8_12
5. Parallel; T so the 19c.

Converse of the 'i'riangle
Proportionality Theorem applies.

.24, 18
6. not parallel; 5 # 10
20_ 2
1. Parallel; 18 = 225 50 the

Converse of the Triangle
Proportionality Theorem applies.
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_ PROBLEM SOLVING

. (A] CITY MAP On the map below, Idaho Avenue bisects the angle between
Tead““g Strategy University Avenue and Walter Street. To the nearest yard, what is the distance
Exercises 23, 27 Point out that an along University Avenue from 12th Street to Washington Street? 350 yd
auxiliary line added to the diagram —
allows you to identify and use the
proportionality th_eorems for trian- 22. Since -
gles and parallel lines. 0S| TU s = -

2 TURand
40 Internet Reference 28 ?tﬁeum N
. . . Correspondin
Exercise 28 More information Anglesp !
about perspective drawing can be Postulate.
found at mathforum.org/sum95/ A-_g’m“: ﬁzﬁr 22. PROVING THEOREM 6.4 Prove the Triangle Proportionality Theorem.
math_and/perspective/perspect. using the
html Perse Perse Similarity GIVEN > QS| TU a T
Postulate.
T _ su
ar _ SR provE b 4 — SU D>R
<« =7 el
23. Draw AD. (Through any two TR~ UR"S"9 TR UR J
points, there is exactly one line.) ts'i‘:]i‘:::'i't“""““ of §
I(.e_t) Gbhe (tge p_omt of intersection of OR = QT +
AD and BE. Since k, || k, and k, | k;, TRand SR =
by the Triangle Proportionality SU+ URby 23. PROVING THEOREM 6.6 Use the diagram with 4 t,  auxiliary
Theorem £B CB _ DG and DG DE X‘:ﬁt‘?gmem the auxiliary line drawn to write a paragraph cf D‘/ line
GA~ EF ition roof of Theorem 6.6. See margin. >
Using lhe"il"/r‘ansﬁfve Prtl);;ertyliff Postulate. b ! /\ f
5 Substituting GIVEN P k, H ky, k, |l k, B 3 N
Equallty, C_ DE you get _ DE V \ ky
EF oT+ TR _ PROVE > BA- IF A F N
2. SUT UR A l .
which
_UR 24. MULTI-STEP PROBLEM The real estate term lake frontage refers to the
Z';_“PI";';S to distance along the edge of a piece of property that touches a lake.
TR-UR a. Find the lake frontage (to the nearest tenth
2 of a yard) for each lot shown. /\ lake
a.
Lot A = 50.9 yd, b. IE gﬁl'leﬁal, .the nﬁgre lak.e fr?/\I]l}t:'lg]S aflolt1 h?s, 174 yd
B e T ey TS Lot B = 58.4 yd, the higher its selling price. Which of the lots
3 ] Lot C = 64.7 yd should be listed for the highest price? LotC LotA
showing RT+ TG _ RU+ US o Lot B
TQ us 25. See margin c. Suppose that lot prices are in the same ratio
simplifying this to 72 RQ _ RS \ee forart; in an as lake frontages. If the least expensive lot 48yd S5yd
10~ US 0 isosceles is $100,000, what are the prices of the other leledinm B
the proportions to solve for - triangle, the legs lots? Explain your reasoning.
prop us are congruent, About $114,735; about $127,112. Sample answer: Solve 2> = 100}'(000 nd 509 _ 100,000
and HSE the Transitive Property of so the ratio of [B] 25 % SHORT RESPONSE Sketch an isosceles triangle. Draw a ray that bisects
Equality. Show A RTU ~ A RGS ;he;réer:g::]hs 1 the angle opposite the base. This ray divides the base into two segments.
using the SAS Similarity Theorem ratio isue uI:I By Theorem 6.7, the ratio of the legs is proportional to the ratio of these
and show Z RTU = £ ROS by to the rat?o of two segments. Explain why this ratio is 1:1 for an isosceles triangle.
definition of similar triangles. the lengths of . .
Then use the Corresponding the segments 26. PLAN FOR PROOF Use the diagram given for the proof of Theorem 6.4
Angles Converse to show ﬁ” TU. created by the in Exercise 22 to write a plan for proving Theorem 6.5, the Triangle
ray, so it is also Proportionality Converse. See margin.
1:1
(O = See WORKED-OUT SOLUTIONS % = STANDARDIZED
396 in Student Resources TEST PRACTICE

28b. Sample answer: The line connecting the top left to the bottom left of
Car 1is parallel to the line connecting the top left to the bottom left of
Car 2; the triangle with vertices consisting of the vanishing point, the top
left of Car 1, and the bottom left of Car 1 is similar to the triangle with
vertices consisting of the vanishing point, the top left of Car 2, and the
bottom left of Car 2.
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21. Since
Xwl Az
£ XZA = L WXZ
using the
Alternate
Interior Angles
Congruence
Theorem. This
makes AAXZ
isosceles
because itis
shown that
LA= L WXZ
and by the
Converse of the
Base Angles
Theorem,
AX = XZ. Since
XW/| AZ using
the Triangle
Proportionality
Theorem you
get Wz~ ax
Substituting you
YW _ XY

geth =Xz

27.

28.

see EXTRA PRACTICE in student Resources

. CHALLENGE Prove Ceva’s Theorem:If Pis any point

PROVING THEOREM 6.7 Use the diagram with the auxiliary lines
drawn to write a paragraph proof of Theorem 6.7.

14
GIVEN P L YXW= L WXZ X
w
YW _ XY
PROVE ) W %z a

- . —z
auxiliary lines
% EXTENDED RESPONSE In perspective drawing, lines that are parallel in
real life must meet at a vanishing point on the horizon. To make the train
cars in the drawing appear equal in length, they are drawn so that the
lines connecting the opposite corners of each car are parallel.

- g '.l'.mli-.'-hinu
. T 1
Al " 1 — Pil"'lt

5480

I..--

a. Use the dimensions given and the red parallel lines to find the length
of the bottom edge of the drawing of Car 2. about 4.3 cm

b. What other set of parallel lines exist in the figure? Explain how these
can be used to form a set of similar triangles. See margin.

c. Find the length of the top edge of the drawing of Car 2. about4.7 cm

e . AY CX BZ _ P
inside A ABC, then Y XB ZAC 1. (Hint: Draw

lines parallel to BY through A and C. Apply Theorem 6.4
to A ACM. Show that A APN ~ AMPC, ACXM ~ ABXP,

and ABZP ~ ANAZN.) See margin.

@ ONLINE QUIZ at my.hrw.com

397

ASSESS aAnD
RETEACH

Daily Homework Quiz
Also available online
Find the value of the variable.

1. 12
20
X
10 6
2 13.5
18
X
12 16
! | !
3 23.8
1\2
17, Y
10 14
L1 =22

4.This diagram represents a tract
of land being developed for
homes. Which lot has the great-
est perimeter? Lot B

80yd 120yd 150 yd
Webster Street

Q Online Quiz
Available at my.hrw.com

Diagnosis/Remediation

* Practice A, B, C in Chapter
Resource Book

- Study Guide in Chapter
Resource Book

* Practice Workbook
- @HomeTutor

Challenge
Additional challenge is available
in the Chapter Resource Book.

29. See Additional Answers.
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Alternative Strategy

Example 3 in this lesson can be
solved by looking for and applying
ratios in the diagram (Method 1) or
by using a graphic organizer to set
up a proportion (Method 2).

Teaching Strategy

Point out how the graphic organizer
is setupin Methg_d) 2. The total

<>
distances along CE and HF are
compared to partial (shorter)
distances along those streets.

Study Strategy

For Exercise 1(b), point out that if
there is a parallel alley one-fourth
the way from BEto CD, then the
alley is one-fourth the distance
from Eto D.

Mathematical Reasoning

In Exercise 2, parallel lines are
used to prove pairs of triangles
similar by the AA Similarity
Postulate. Then the corresponding
side lengths for the pair of triangles
can be used to write a proportion.

Avoiding Common Errors

For Exercise 5, a common error is
to conclude from the diagram that
2
5
use the sides of similar triangles to
show that the proportion should be

and % are equal ratios. You can

398

WORKSHOP
LESSON 6.5

2
o

| PROBLEM

{ METHOD 1

398 cChapter 6 Similarity

CITY TRAVEL In the diagram, £1,
£2,and £3 are all congruent and
GF = 120 yards, DE = 150 yards, and

CD = 300 yards. Find the distance HF

between Main Street and
South Main Street.

Another Way to Solve Example 3

oA Using AITERNATIVE METHODS

MULTIPLE REPRESENTATIONS In this lesson, you used proportionality

theorems to find lengths of segments formed when transversals intersect
two or more parallel lines. Now, you will learn two different ways to solve
Example 3.

1
Main St. /74

F
2 150
120 Second St.
G D
300
] South Main St.
H

/C

Applying a Ratio One alternative approach is to look for ratios in the diagram.

STEP 7 Read the problem. Because Main Street, Second Street, and South

Main Street are all parallel, the lengths of the segments of the cross
streets will be in proportion, so they have the same ratio.

STEP 2 Apply a ratio. Notice that on <C_)E, the distance CD between South Main

Street and Second Street is twice the distance DE between Second
Street and Main Street. So the same will be true for the distances HG

and GF.
HG=2+GF Write equation.
=2-120 Substitute.
=240 Simplify.

STEP 3 Calculate the distance. Line HF is perpendicular to both Main Street

and South Main Street, so the distance between Main Street and
South Main Street is this perpendicular distance, HF.

HF = HG + GF
=120 + 240 Substitute.
= 360 Simplify.

that it is the same.

Segment Addition Postulate

STEP 4 Check Example 3 within this lesson to verify your answer, and confirm



METHOD 2 Writing a Proportion Another alternative approach is to use a graphic

organizer to set up a proportion.

STEP T Make a table to compare the distances.

Total distance

Partial distance

<> <«

CE HF
300 + 150, or 450 X

150 120

STEP 2 Write and solve a proportion.

450 _ x_
150 120
360 = x

» The distance is 360 yards.

[ PRACTICE

1. MAPS Use the information on the map.

5yd-4 225yd
Al cl_/
D
90yd—{
7
/

a. Find DE. 270yd

b. What If? Suppose there is an alley one
fourth of the way from BEto CD and
parallel to BE. What is the distance
from Eto the alley along FD? 6.5 yd

2. REASONING Given the diagram below,
explain why the three given proportions
are true.

a_ _d
at+b e

_a  _ El d b
at+b+c f / N

A R
_atb _e f >
a+b+c f
Since the three triangles are similar, the ratio of

corresponding sides is the same.

Write proportion.

Multiply each side by 120 and simplify.

3. WALKING Two people leave points A and
B at the same time. They intend to meet at
point C at the same time. The person who
leaves point A walks at a speed of 3 miles per
hour. How fast must the person who leaves
point Bwalk? 4.5 mi/h

>
_c/
<
E
(=)
©
ERs
Y

Y

4. ERROR ANALYSIS A student who attempted
to solve the problem in Exercise 3 claims
that you need to know the length of ACto
solve the problem. Describe and correct the
error that the student made. You only need to
know that the ratio of the two distances is 2: 3.

5. € ALGEBRA Use the diagram to find the
values of xand y. 5.25,7.5

2

5

3 X

15
=
=

Using Alternative Methods 399

399



PLAN AnD
PREPARE

Warm-Up Exercises

1. Simplify 3"forn=10, 1, 2, 3, and 4.
1,3,9,27 81

2.Evaluate 3 - 4" for n = 5. 3072

FOCUS AnD
MOTIVATE

Essential Question
Big Idea 3

What is one way to generate a
fractal? Tell students they will
learn how to answer this question
by drawing a Stage 0 shape and
then repeating the sequence of
steps that define the fractal.

€ TEACH

Extra Example 1

Draw a Sierpinski triangle: Start
with an equilateral triangle. At
each stage connect the midpoints
of each side, forming a new equi-
lateral triangle. Shade the triangle
in the center with a different color.

Stage 0 Stage 1
Stage 2 Stage 3

£ bn

400

(@10 Explore the properties of fractals.

Key Vocabulary A fractal is an object that is self-similar. An

« fractal object is self-similar if one part of the object
« self-similarity can be enlarged to look like the whole object.
« iteration In nature, fractals can be found in ferns and

branches of a river. Scientists use fractals to
map out clouds in order to predict rain.

: HISTORY NOTE Many fractals are formed by a repetition of a
Computersmade it easier sequence of the steps called iteration. The

 to study mathematical first stage of drawing a fractal is considered

! iteration by reducing the Stage 0. Helge van Koch (1870-1924) described
: time needed to perform a fractal known as the Koch snowflake, shown
: calculations. Using fractals, in Example 1.

i mathematicians have been
: able to create better models
: of coastlines, clouds, and

: other natural objects.

Use the directions below to draw a Koch snowflake.

Starting with an equilateral triangle, at each stage each side is divided into
thirds and a new equilateral triangle is formed using the middle third as the
triangle side length.

Solution

STAGE 0 Draw an equilateral STAGET Replace the middle third of
triangle with a side length each side with an equilateral
of one unit. triangle.

A X

STAGE2 Repeat Stage 1 with the STAGE3 Repeat Stage 1 with the
six smaller equilateral eighteen smaller equilateral
triangles. triangles.

x

*

400 Chapter 6 Similarity

© Stephen Johnson/Getty Images



MEASUREMENT Benoit Mandelbrot (b. 1924) was the first mathematician to
formalize the idea of fractals when he observed methods used to measure
the lengths of coastlines. Coastlines cannot be measured as straight lines
because of the inlets and rocks. Mandelbrot used fractals to model coastlines.

m Find lengths in a fractal

Make a table to study the lengths of the sides of a Koch snowflake at
different stages.

Stage Edge Number of .
number length edges Perimeter
1 1 _ 4
3 3.4=12

1 48 _ .1
2 3 124 =48 9 =53
1 192 _ 1
3 27 48 « 4 =192 57 =75
1 4n
! £l 3.4 3

(nimateaGeometry  at myhrw.com

“PRACTICE

: EXAMPLES 1. PERIMETER Find the ratio of the edge length of the triangle in Stage 0 of
: land2 a Koch snowflake to the edge length of the triangle in Stage 1. How is the
i for Exs. 1-3 perimeter of the triangle in Stage 0 related to the perimeter of the triangle
in Stage 1?2 Explain. 3:1. Sample answer: It's one unit longer; each of the three edges went
from measuring one unit to four edges each measuring 1ot a unit.
2. MULTI-STEP PROBLEM Use the Cantor set, which is a fractal whose
1024 iteration consists of dividing a segment into thirds and erasing the
C- So049’ middle third.
orabout a. Draw Stage 0 through Stage 5 of the Cantor set. Stage 0 has a length
0.01734 units; of one unit. a, b. See margin.
%n b. Make a table showing the stage number, number of segments,
or about segment length, and total length of the Cantor set.
0.0003007 units; c. What is the total length of the Cantor set at Stage 10? Stage 20?
<3>" Stage n?
3

3b. Sample 3. EXTENDED RESPONSE A Sierpinski carpet starts with a square with
answer: The side length one unit. At each stage, divide the square into nine equal
upper left squares with the middle square shaded a different color.
square is simply . . . i
a smaller a. Draw Stage 0 through Stage 3 of a Sierpinski carpet. See margin.

version of the

b. Explain why the carpet is said to be self-similar by comparing the
whole square.

upper left hand square to the whole square.

c. Make a table to find the total area of the colored squares at Stage 3. See margin.

Extension: Fractals 401

Extra Example 2

Make a table of the lengths of the
sides of the equilateral triangles in
the Sierpinski triangle.

No. of
Triangles
Stage Edge with this
Number Length | Edge Length
0 1 1
1
1 B 3
1
2 i 9
1
3 3 27
|| @
Key Question to Ask for
Example 2

* In the table, why are there 3 « 4
edges after Stage 1? Each of
3 edges of the triangle in Stage 0
is replaced with 4 edges.

(Animates Geometry

my.hrw.com

An Animated Geometry activity is
available online for Example 2. This
activity is also part of Power
Presentations.

Closing the Lesson

Have students summarize the major
points of the lesson and answer
the Essential Question: What is one
way to generate a fractal?

¢ Draw Stage 0 for the fractal.

¢ Follow the directions and draw
Stage 1.

* Repeat to draw more stages.

Draw Stage 0 and repeat the
sequence of steps that define the
fractal.

PRACTICE
AND APPLY

Vocabulary

Exercise 3(b) The idea of “self-
similar” may be new to some
students. One way to describe

a self-similar figure is that it is
formed by replicating itself using
a scale other than 1.

2a-b, 3a, 3c. See Additional
Answers.
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PLAN AnND
PREPARE

Explore the Concept

- Students will construct similar
triangles.

- This activity leads into the study of
dilations in this lesson, Example 1.

Materials

Each student will need:
- graph paper
 compass

- straightedge

e ruler

Recommended Time
Work activity: 10 min
Discuss results: 5 min

Grouping

Students can work individually or in
groups of two. If students work in
groups, they can share their results.

€) TEACH

Tips for Success

Point out the importance of using

a compass for step 3 of the dilation.
This will help students learn how to
perform a dilation independent of
the units on the graph paper.

Alternative Strategy

You may want to do this activity
as a demonstration with drawing
software.

Key Discovery
Dilations create similar images.

ASSESS aAnD
RETEACH

1. A right triangle with side lengths
5,12, 13 is dilated with a scale
factor of 3. What are the side
lengths of the image? 15, 36, 39

2. The vertices of an image with
center (0, 0) has vertices that are
%the distance from the origin

as the original vertices. What
is the ratio of the side lengths
between the original figure and
its image? 2:1

402

ettt RCTIVITY oty seserr

Dilations

MATERIALS - graph paper - straightedge < compass - ruler

LI ERILI How can you construct a similar figure?

|5 CIN) I Construct a similar triangle

STEPT STEP2

y Y

/
/
A B A B
1 1/ =]
C  —1 |C

o] X ] X
Oraw a triangle Plot the points A(1, 3), B(5, 3), Oraw rays Using the origin as an endpoint O,
and C(5, 1) in a coordinate plane. Draw A ABC. draw OA, OB and OC.
STEP 3 STEP 4

y y

/ /
D E D E
/ /
A B A B
1 / i F 1 / T F
"W —7C "W ——C
o] X o] X

Draw equal Egmmts Use a compass to mark a Draw the image Connect points D, E, and F
point Don OA so OA = AD. Mark a point Eon to form a right triangle.

—> —>
OB so OB = BE. Mark a point Fon OC so OC = CF.

LYV ELITINILITY Use your observations to complete these exercises

1. Measure AB, BC, DE, and EF. Calculate the ratios 2£ B and Us1ng this

information, show that the two triangles are similar. See margm.

2. Repeat the steps in the Explore to construct A GHJ so that 3 « OA = AG,
3+ OB= BH,and 3 - OC = CJ. See margin.

402 Chapter 6 Similarity

DE _ EF _ 8 _4, S -
a8~ g = 7 since the corresponding sides are proportional and

the included angles, Z Eand £ B, are both 90°, A ABC ~ /\ DEF hy the
SAS Similarity Theorem.

2. See Additional Answers.
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6.0

Now

Perform Similarity
Transformations

You performed congruence transformations.
You will perform dilations.

So you can solve problems in art, as in Ex. 26.
Key Vocabulary A dilation is a transformation that stretches or y
« dilation shrinks a figure to create a similar figure. A dilation %

« center of dilation

« scale factor of a
dilation

« reduction
« enlargement
« transformation

is a type of similarity transformation.

In a dilation, a figure is enlarged or reduced with
respect to a fixed point called the center of dilation.

The scale factor of a dilation is the ratio of a side
length of the image to the corresponding side length B c
of the original figure. In the figure shown, A XYZis
the image of AABC. The center of dilation is (0, 0)

.o XY
and the scale factor is iB

For Your Notebook

i~ KEY CONCEPT

Coordinate Notation for a Dilation

© You can describe a dilation with respect to the origin with the notation
- (x,y) = (kx, ky), where k is the scale factor.

- If0 < k < 1, the dilation is a reduction. If k > 1, the dilation is an enlargement.

Draw a dilation with a scale factor greater than 1

: READ DIAGRAMS

: All of the dilations in
 this lesson are in the

i coordinate plane and
: each center of dilation
i is the origin.

Draw a dilation of quadrilateral ABCD with vertices A(2, 1), B(4, 1),
C(4, —1), and D(1, —1). Use a scale factor of 2.

Solution

First draw ABCD. Find the dilation of each vertex y
by multiplying its coordinates by 2. Then draw L M
the dilation. A B

(x,y) - (2x, 2y)
A2,1) > L#4,2) D c
B4,1) > M8, 2)

C(4, -1) -> N(8, —2)
D(1, -1) -» P(2, -2)

6.6 Perform Similarity Transformations 403

PLAN AnND
PREPARE

Warm-Up Exercises
Also available online

Give the coordinates of a point
twice as far from the origin along
aray from (0, 0).

1.(3,5) (6, 10)

2.(-2,0) (—4,0)

2} 3 -

Give the coordinates of a point
one-half as far from the origin
along a ray from (0, 0).

4.(6, —4) (3, -2)

5.(0, —7) (0, —3.5)

Notetaking Guide
Available online

Promotes interactive learning and
notetaking skills.

Pacing

Basic: 2 days

Average: 2 days

Advanced: 2 days

Block: 1 block

- See Teaching Guide/Lesson Plan.

FOCUS AnD
MOTIVATE

Essential Question

Big Idea 3

How do you dilate a figure in the
coordinate plane? Tell students
they will learn how to answer this
question by using the coordinates
of the vertices of the figure.
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Motivating the Lesson

Place a flat object on the overhead
projector and observe the image on
the wall. Is the image similar to the
object? Are they the same size?
How could you find the scale factor?
Tell students they will investigate
these ideas in this lesson.

© TEACH

Extra Example 1
Draw a dilation of quadrilateral
ABCD with vertices A(2, 2), B(4, 2),
C(4,0), D(0, —2). Use a scale factor
of 1.5 and label the image FGHJ.

y F G

J

Extra Example 2

Atriangle has vertices A(2, 4),
B(8,4), and C(8, —4). The image
of A ABC after a dilation with a

scale factor of% is A DEF.
a.Sketch A ABC and A DEF.

y A B
D E
1
5 X
F
c

b.Verify that A ABC and A DEF
are similar. Sample answer:
Z Band £ E are both right angles,

soLBELEA—B=§=2,and

"DE 3
i_—g = % = 2, so the lengths of the
sides that include £ Band £ E
are proportional. Therefore
A ABC ~ A DEFby the SAS

Similarity Theorem.

404

@ Verify that a figure is similar to its dilation

A triangle has the vertices A(4, —4), B(8, 2), and C(8, —4). The image
of A ABC after a dilation with a scale factor of % is ADEF.

a. Sketch A ABCand ADEF.

b. Verify that A ABCand A DEF are similar.

Solution

a. The scale factor is less than one, so the Y
dilation is a reduction. B

9 1 by

A4, —4) - D2, -2)
B(8,2) - E@4,1)
C(8, —4) » F4, -2) A 4

b. Because £ Cand £ Fare both right angles, Z C= £ F. Show that the
lengths of the sides that include £ Cand £ Fare proportional. Find
the horizontal and vertical lengths from the coordinate plane.

AC:BC  4_6,
DF EF 2 3

So, the lengths of the sides that include £« Cand £ F are proportional.
» Therefore, A ABC ~ A DEF by the SAS Similarity Theorem.

\/ GUIDED PRACTICE = for Examples 1 and 2

Find the coordinates of L, M, and Nso that A LMN is a dilation of /A PQR
with a scale factor of k. Sketch A PQRand A LMN. 1, 2. See margin for art.

1. P(-2, -1), Q(-1,0), RO, -1); k=4 2. P(5, —5), QQ10, —5), R(10, 5); k= 0.4
L(—8, —4), M(—4,0), N(0, —4) L(2, —2), M(4, —2), N(4, 2)

m Find a scale factor

PHOTO STICKERS You are making your
own photo stickers. Your photo is 4 inches
by 4 inches. The image on the stickers
is 1.1 inches by 1.1 inches. What is

the scale factor of the reduction?

Solution

The scale factor is the ratio of a side length of the sticker image to a side

length of the original photo, or 1'4111:11' . In simplest form, the scale factor is 411_(1)'

Chapter 6 Similarity

Differentiated Instruction

Visual Learners Instruct students to make use of different
colored pencils when they are drawing their triangles in Guided
Practice Exercises 1 and 2. Have them sketch the original
figure in one color and the dilation of that figure in a different
color. Point out that they can determine which figure in a set

of two similar figures is a dilation of the other by looking at the
scale factor to find out if it is a reduction or an enlargement of
the original.

See also the Differentiated Instruction Resources for more
strategies.

© Sean Justice/Getty Images



READING DIAGRAMS Generally, for a center of y
dilation at the origin, a point of the figure and its X
image lie on the same ray from the origin. However,
gl Z I())?llgltn c.)f the figure is the origin, its image is also ) Extra Example 3
You are using a photo quality printer
B z to enlarge a digital picture. The
picture on the computer screen is
6 centimeters by 6 centimeters. The
printed image is 15 centimeters by

* Standardized Test Practice 15 centimeters. What is the scale

factor of the enlargement? 5:2

You want to create a quadrilateral EFGH that is similar to quadrilateral Key Question to Ask f or
PQRS. What are the coordinates of H? Example 3
: ELIMINATE CHOICES - Ifthe image stickers are 1.1 inches
Hou can diminate 7 @ (12,719) y by 2.2inches, would the reduction
choice A, because you (7,8 G be a dilation? No, the image is not
;?2 ;‘:gpbgt';:;kf‘i"i% at © (2,15 § 2:qiuna;le so it is not similar to the
in Qua(ldrant l.)The ® (15, 18) / 9 :
¢ point (12, —15) is in F
5 gua At . R ] Extra Example 4 _
1 You want to create quadrilateral
3 AR RSTUthat is similar to quadrilateral
ABCD. What are the coordinates
of U7 D
y
Solution
R

Determine if EFGH is a dilation of PQRS by checking whether the same
scale factor can be used to obtain E, F, and Gfrom P, Q, and R.

(x, ) — (kx, ky) AL_— Za8
P(3,0) > E9,00) k=3 G
Q1,1)—>F3,3 k=3 AEERGEE
R0,2) > G(0,6) k=3 @ (15, -9) (8,6)
Because kis the same in each case, the image is a dilation with a scale © (10,6) @ (15,9)
factor of 3. So, you can use the scale factor to find the image H of point S. closing the Lesson

S@,5) — H(3 - 4,3 +5) = H12, 15) Have students summarize the major
» The correct answer is C. ® ® © ® points of the lesson and answer
the Essential Question: How do you
dilate a figure in the coordinate
plane?
° A dilation with respect to the
origin can be described by

3. WHAT IF? In Example 3, what is the scale factor of the reduction if (x y) — (kx, ky) where kis the
your photo is 5.5 inches by 5.5 inches? % scale factor.

4. Suppose a figure containing the origin is dilated. Explain why the [:Iraw thzflgure,l:nu:ltlply el‘clc'h gl
corresponding point in the image of the figure is also the origin. ORI IS U scale actor,
A dilation with respect to the origin and scale factor k can be described as and graph the new coordinates.
(x, y) — (kx, ky). 1f (x, y) = (0, 0), then (kx, ky) = (k - 0, k - 0) = (0, 0).

CHECK Draw rays from the origin through each point and its image.

\/ GUIDED PRACTICE | for Examples 3 and 4

6.6 Perform Similarity Transformations 405
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PRACTICE
AND APPLY

. . (A]
Assignment Guide

Answers for all exercises
available online

Basic:

Day 1: EP for 4.8 Exs. 36—38 : EXAMPLES

Exs. 1-8, 15-18 {1and2

Day 2: i forExs. 3-8

Exs. 9-14, 25-30

Average:

Day 1:

Exs. 1-8, 15-18, 22

Day 2: : EXAMPLE 3

Exs. 9-14, 19-21, 25-31 i for Exs. 9-12

Advanced:

Day 1: 2. Find the

Exs. 1, 2, 5—8, 15—18, 22-24* ratio of a side

Day 2: length of the

Exs.9-14, 19-21, 26—-34* image to t':l?
correspondin

Block: side Ieilllgth ofg

Exs. 1-22, 25-31 the original

Differentiated Instruction f,'ﬂ: rtf,'es:f;?e

factor, if0< k<1
the dilation is a
reduction. If
k>1the

dilation is an
enlargement.

See Differentiated Instruction
Resources for suggestions on
addressing the needs of a diverse
classroom.

Homework Check

For a quick check of student under-
standing of key concepts, go over
the following exercises:

Basic: 4,9, 13, 25, 28
Average: 6, 10, 13, 26, 29
Advanced: 8, 12, 13, 26, 30

: EXAMPLE 4

for Ex. 13

Extra Practice

- Student Edition

- Chapter Resource Book:
Practice levels A, B, C

Practice Worksheet

An easily-readable reduced

practice page can be found at
the beginning of this chapter.
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6.6 EXERCISES

HOMEWORK
KEY ;

= See WORKED-OUT SOLUTIONS
Exs.5, 11, and 27

* = STANDARDIZED TEST PRACTICE
Exs. 2, 13, 21, 22, 28, 30, and 31

| SKILL PRACTICE

1. VOCABULARY Copy and complete: In a dilation, the image is _? to the

original figure. similar

2. % WRITING Explain how to find the scale factor of a dilation. How do
you know whether a dilation is an enlargement or a reduction? See margin.

DRAWING DILATIONS Draw a dilation of the polygon with the given vertices
using the given scale factor k. 3-8. See margin.
3. A(-2,1),B(-4,1), C(-2,4); k=2
@A(L 1), B6, 1), C6, 3); k= 1.5
7. A(-8,0), B, 8), C4, 0), DO, —4); k=3

4. A(=5,5), B(—5, —10), C(10, 0); k = %
6. A2, 8), B8, 8), C(16, 4); k = 0.25

8. A0, 0), B, 3), C2,4), D2, ~1); k=1

IDENTIFYING DILATIONS Determine whether the dilation from Figure A to
Figure B is a reduction or an enlargement. Then find its scale factor.

9. v \ reduction;% 10. y enlargemem;g

L 1A
e W A/ /B

B

1 X 1 X

@ y 12. y
3
~
~~A
B [~ ~
B x
1y A
‘1 X
enlargement; 3 reduction; %
13. % MULTIPLE CHOICE You want to create a a ‘ K y
quadrilateral PQRS that is similar to quadrilateral — L >
JKLM. What are the coordinates of S? C
® 2,9 @, —2) Rl J M
© (2,-0  ® 42 > |
14. ERROR ANALYSIS A student found
the scale factor of the dilation from y % = %
ABto CDto be % Describe and c D
correct the student’s error. A B
The scale factor should be the ratio of the !
image to the original rather than the ratio "

of the original to the image; g

Chapter 6 Similarity
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15. ERROR ANALYSIS A student says that

the figure shown represents a dilation. Y
What is wrong with this statement?
The figures are not similar. A .
Avoiding Common Errors
e Exercises 9-13,19, 20 Students
1 may make errors if they confuse
which figure is the image and
X g g oo
which is the original. Encourage
IDENTIFYING TRANSFORMATIONS Determine whether the transformation them to redraw the figures, using
shown is a translation, reflection, rotation, or dilation. different colors for the original and
16. y 17. y 18. y s e
™~ Teaching Strategy

Exercises 16—-18 Review the prop-
1 1 1 erties of translations, reflections,
> > VAR rotations, and dilations for these
exercises. Point out that reflec-
tions do not preserve orientation,

L so Exercise 17 must be a reflection.
Exercises 23-24 Encourage stu-
rotation reflection dilation dents to draw the original figure
FINDING SCALE FACTORS Find the scale factor of the dilation of Figure A to and the image before finding the
Figure B. Then give the unknown lengths of Figure A. transformations that fit these exer-

cises. Tell them to guess and check
the coordinates of the middle figure
between the original and image.

19. y 20.

X

2:m=4,n=5 %;p=4,q=12,r=4
21. % MULTIPLE CHOICE In the diagram shown, 3
A ABOis a dilation of ADEO. The length of a a
median of A ABOis what percent of the length
of the corresponding median of ADEO? C —D
@ 50% 75% L1,
© 133%% @ 200% 0 E| B| x

22. % SHORT RESPONSE Suppose you dilate a figure using a scale factor of 2.
Then, you dilate the image using a scale factor of % Describe the size and
shape of this new image. The result of both dilations is the original figure.

[C] CHALLENGE Describe the two transformations, the first followed by the
second, that combined will transform A ABCinto A DEF.

23. A(-3,3),B(-3, 1, C(0, 1) 24. A6, 0), B(9, 6), C(12, 6)
D(s, 6), E6, 2), F(0, 2) D(0, 3), E(1, 5), F(2, 5)
Sample answer: (x, y) — (—x, y) — (2x, 2y) Sample answer: (x, y) — (%x %y) —>(x—=2,y+3)

6.6 Perform Similarity Transformations 407
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(Animated Geometry

my.hrw.com

An Animated Geometry activity is
available online for Exercise 28.
This activity is also part of Power
Presentations.

Mathematical Reasoning
Exercise 29 The ratio of corre-
sponding segment lengths in a dila-
tion have the same scale factor as
the dilation, including the altitudes
and medians of a triangle. If the

scale factor is %,then the perimeters

will have the ratio %, and the areas

2
will have the ratio Z-.
b2

29a. y
1
-1 ‘ X
31. y
N\ x
AR ~

(AN
\
\

\

32. Let P(a, b) and Q(c, d) be the
coordinates of the endpoints of
DN ik . . atc h+d
PQ with midpoint ( 2 T)
Since XY is a dilation of PQwith
scale factor k, you have X(ka, kb)
and Y(ke, kd) with midpoint

(ka+ ke kb + kd) e

2 ' 2 /) 0
a+c b+d\ _

k( 2 ' 2 )'

(ka+kc kb + kd)

2 "2

33. The slope of PQis g: Z and the

kd— kb _ kid—b) _
ke — ka k(c— a)
H. Since the slopes are the

slope of XYis

same, the lines are parallel.

408

_ PROBLEM SOLVING

: EXAMPLE 3 E_l 25. BILLBOARD ADVERTISEMENT A billboard advertising agency requires each

: Exs. 25-27

408

26.

advertisement to be drawn so that it fits in a 12-inch by 6-inch rectangle.
The agency uses a scale factor of 24 to enlarge the advertisement to create
the billboard. What are the dimensions of a billboard, in feet? 24 ft by 12 ft

POTTERY Your pottery is used on a

poster for a student art show. You want

to make postcards using the same image.
On the poster, the image is 8 inches in
width and 6 inches in height. If the image
on the postcard can be 5 inches wide,
what scale should you use for the image 5
on the postcard? 8

Me ain (J(zllery
Vi ~June 12

@ SHADOWS You and your friend are walking at night. You point a flashlight

28.

29,

30.

O-=

at your friend, and your friend’s shadow is cast on the building behind him.
The shadow is an enlargement, and is 15 feet tall. Your friend is 6 feet tall.
What is the scale factor of the enlargement? g

% OPEN-ENDED MATH Describe how you can use dilations to create the
figure shown below.

* Multiply the coordinates of
the smallest quadrilateral by
2,3, and 4 to create each of
the larger quadrilaterals.

(/]L"MGeometry at my.hrw.com

MULTI-STEP PROBLEM A ABChas vertices A(3, —3), B(3, 6), and C(15, 6).
a. Draw a dilation of A ABCusing a scale factor of % See margin.
b. Find the ratio of the perimeter of the image to the perimeter of the
original figure. How does this ratio compare to the scale factor? %; they are the same.

c. Find the ratio of the area of the image to the area of the original
figure. How does this ratio compare to the scale factor?
= it's the square of the scale factor.
% EXTENDED RESPONSE Look at the coordinate notation for a dilation.
Suppose the definition of dilation allowed k< 0.

a. Describe the dilation if —1 < k< 0. It would be a reduction.
b. Describe the dilation if k< —1. It would be an enlargement.
c. Use a rotation to describe a dilation with k = —1. It would be a rotation of 180°.

% = STANDARDIZED
TEST PRACTICE

See WORKED-OUT SOLUTIONS
in Student Resources

© Bonnie Kamin/PhotoEdit, Inc.



31. Perspective 31.

drawings use
converging
lines to give the
illusion that

an object
| [l 32

is three-
dimensional.
Since the back
of the drawing

is similar to the 33.

front, a dilation

can be used 4
to create this
illusion with the
vanishing point
as the center

of dilation; see
margin for art.

Find the value of x.

Draw a dilation of A ABCwith the given vertices and scale factor k. 4,5. See margin.

4.

see EXTRA PRACTICE in student Resources )@ ONLINE QUIZ at my.hrw.com 409

% SHORT RESPONSE Explain how you can use y
dilations to make a perspective drawing with the 0
center of dilation as a vanishing point. Draw

a diagram.

ASSESS aAnD
RETEACH

MIDPOINTS Let XYbe a dilation of PQwith scale
factor k. Show that the image of the midpoint of PQ1is
the midpoint of XY. See margin.

Daily Homework Quiz
REASONING In Exercise 32, show that XY | PQ. See margin. Also available online
1. Draw a dilation with scale
34. CHALLENGE A rectangle has vertices A(0, 0), B(0, 6), C(9, 6), and D(9, 0). factor 2 of A ABC with vertices
Explain how to dilate the rectangle to produce an image whose area is A(1,0), B(0, 3), and C(3, 2).
twice the area of the original rectangle. Make a conjecture about how to Label the image A DEF.

dilate any polygon to produce an image whose area is n times the area of

the original polygon. Use a scale factor of \'2; use a scale factor of \/n. &

‘A D 5 x

8 2. X 21 3. / 21 2. \ ABC has vertices A(0, 0),
. 14 > 2 B(0, 8), and C(6, 0). Draw a
7 g , / dilation of A ABC using a scale
»- 1
4/ 7 6 factor of 1. Label the image A DEF.
> 2 /3 2

v N

YY

A(=5, 5), B(-5, —10), C(10, 0); k= 0.4 5. A(-2,1), B(-4,1), C(-2,4); k=25 E

A 5 |C X

4> Online Quiz
Available at my.hrw.com

Diagnosis/Remediation

- Practice A, B, C in Chapter
Resource Book

- Study Guide in Chapter
Resource Book

* Practice Workbook
» @HomeTutor

Challenge

Additional challenge is available
in the Chapter Resource Book.

An easily-readable reduced
copy of the quiz from the

5. y Assessment Book can be
found at the beginning of this
chapter.
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PLAN AnD
PREPARE

Warm-Up Exercises
Find the rise and the run from point
Ato point Bin the coordinate
plane.
1.A(—4, 3), B(2, —5)
rise: —8; run: 6
2.A(2, —1), B(—3, —4)
rise: —3; run: —5
3. A(0, —4), B(1, 6)
rise: 10; run: 1

FOCUS AnD
MOTIVATE

Essential Question
Big Idea 1

How do you find the point that
partitions a directed line segment
in a given ratio? Tell students they
will learn how to answer this
question by finding the slope of
the segment and then using the
given ratio.

€ 1EACH

Extra Example 1

Find the coordinates of a point P
along the directed line segment AB
with endpoints A(2, 4) and B(9, 6)
so that the ratio of APto PBis 2to 3.
P(4.8,4.8)

Alternative Strategy

Students may want to think of per-
cents when finding coordinates of
points that partition segments. In
Example 1, for instance, they may

think of the point that is % of the way

from Ato Bas being “60% of the
way” from Ato B. Therefore, they
need to add 60% of the run and 60%
of the rise to the coordinates of
point Ain order to obtain the coordi-
nates of point P.

410

(&9 Find the point that partitions a directed line segment in a given ratio.

Recall that the slope of a nonvertical line is the ratio of rise (the vertical change)
to run (the horizontal change) between any two points on the line.

A directed line segment ABis a segment that represents moving from point A to
point B. The following example shows how to use slope to find a point at a
specific location on a directed line segment.

M Find a point along a directed line segment

Find the coordinates of point P along the y [T
directed line segment AB so that the ratio B(6, 10)
of APto PBis 3 to 2.

A3, 4)

Solution

In order to divide the segment in the ratio Y 3
3 to 2, think of dividing, or partitioning, the
segment into 3 + 2, or 5 congruent pieces. ‘
Point Pis the point that is % of the way from A P4.8.76)
point A to point B. 36

[ ]
B(F, 10)

@

The diagram shows the rise and run from
point A to point B. A(3,4) 18

slope of AB = —10_ 4_6_rise

To find the coordinates of point P, add% %)

of the run to the x-coordinate of A, and

add% of the rise to the y-coordinate of A.

: AVOID ERRORS 3

P > run:2of3 =1.8

: Do not simplify the 5

: slope to lowest terms. rise: 3 of 6 = 3.6

= .
» So, the coordinates of Pare (3 + 1.8, 4 + 3.6) = (4.8, 7.6).
The ratio of APto PBis 3 to 2.
410 Chapter 6 Similarity



M Construct a point along a directed line segment

Construct the point L on AB so that the ratio of AL to LBis 3 to 1.
Extra Example 2

Construct the point L on a directed
line segment AB so that the ratio of
AlLto LBis 3to 2.

Solution

STEPT Draw AB of any length. Chogse any
point Cnot on AB. Draw AC.

STEP2 Place the point of a compass at A
and make an arc of any radius
intersecting AC at D. Using the
same compass setting, make

three more arcs on A_C)’ as shown.
Label the points of intersection
E, F, and G, and note that

AD = DE = EF = FG.

AL kK L M B

Closing the Lesson

Have students summarize the

major points of the lesson and

answer the Essential Question:

How do you find the point that par-

titions a directed line segmentin a

given ratio?

e Adirected line segment ABis a
segment that represents moving
from point A to point B.

First find the rise and the run of the

STEP3 Draw GB. Use the copy an angle
construction to copy ZAGB at D,
E, and F. The new sides are all
parallel, and they intersect AB at J,
K, and L, dividing AB equally, so
that AJ= JK= KL= LB.

» Point L divides directed line segment AB
in the ratio 3 to 1.

" PRACTICE

: EXAMPLE 1 | PARTITIONING Find the coordinates of point P along the directed line given segment. Then multiply the
i for Exs. 1-4 segment AB so that AP to PBis the given ratio. run b(V] the final raﬁOdOfdt:ehparti-
. ) tioned segments and add that
1. A(1, 3), B(8,4);4to 1 P(6.6,3.8) 2. A(-2,1),B(4,5);3to7 P(—-0.2,2.2) T M e e A
3. A(8,0), B3, —2); 1to4 P(1,—0.4) 4. A(-2,-4), B(6,1);3to2 P(2.8,—1) first point. Finally, multiply the rise
by the final ratio of the partitioned

{EXAMPLE2 | CONSTRUCTION Draw a segment with the given length. Construct the point segments and add that value to the
: for Exs. 5-8 that divides the segment in the given ratio. 5-8. Check students’ constructions.

y-coordinate of the first point.

PRACTICE
AND APPLY

Avoiding Common Errors

Exercises 5—8 Some students may
construct the wrong number of
congruent segments for these
exercises. Remind them to add the
two numbers given in the ratio to
determine the total number of
congruent segments that need to
be constructed.

5. length: 3 in; ratio: 1 to 4 6. length: 2 in; ratio: 2 to 3

7. length: 12 cm; ratio: 1to 3 8. length: 9 cm; ratio: 2to 5

9. REASONING In Example 2, what theorem helps you to conclude that
AJ = JK= KL = LB? Explain. See margin.

10. VISUALIZATION Suppose point P divides XYso that XPto PYis 3 to 5.
Describe the point that divides YXso that YPto PXis 5 to 3. Itis point P.

11. WHAT IF? Make a conjecture about how to find the coordinates of a
point that lies beyond point B along AB. Use an example to support your
conjecture. See margin.

Extension: Partition Segments 411

9. Sample answer: If parallel lines
intersect two transversals, they divide
the transversals proportionally. Since
AD = DE = EF = FG, any two
segments have a ratio of 1. Therefore
any two segments of AB have a ratio
of 1, which means AJ = JK = KL = LB.

11. Sample answer: To find a point that lies
beyond point B, use a fraction that is greater
than 1 along with the rise and run from A to
Bto find the required coordinates.

411



2. Sometimes. Sample answer:
One possibility is for line Z, to

be vertical with £, and [, being
non-vertical lines so that the ratios
of lengths 2x: xand 2y: y are
achieved. In this case, £,, £,, and £,
are not parallel. It is also possible
for lines £,, £,, and /, to be parallel
(as they appear in the diagram)
with the line labeled with 2x and
2y drawn at enough of an angle to
the three parallel lines so that the
ratios of lengths 2x: xand 2y: y
are achieved.

ba. y b !

B

A

412

1. SHORT RESPONSE The Cardon cactus found

in the Sonoran Desert in Mexico is the tallest
type of cactus in the world. Marco stands

76 feet from the cactus so that his shadow
coincides with the cactus’ shadow. Marco is
6 feet tall and his shadow is 8 feet long. How
tall is the Cardon cactus? Explain.

Not drawn to si

| 8 ft | 76 ft |

63 ft; set up the proportion g = 8—’; and solve for x.

. SHORT RESPONSE In the diagram, is it

always, sometimes, or never true that
1,111, |l 1,2 Explain. See margin.

. GRIDDED ANSWER In the diagram of the roof

truss, HK = 7 meters, KM = 8 meters,
JL = 4.7 meters, and £1 = £2. Find LM to the
nearest tenth of a meter. 5.4 m

F H Tm K 8m M

. GRIDDED ANSWER You are designing a

catalog for a greeting card company.
The catalog features a 2% inch by

2 inch photograph of each card. The actual
dimensions of a greeting card are 7 inches
by 5 inches. What is the scale factor of the
reduction? 0.4

Chapter 6 Similarity

MIXED REVIEW of Problem Solving

5. MULTI-STEP PROBLEM Rectangle ABCD
has vertices A(2, 2), B(4, 2), C(4, —4), and
D(2, —4).

a. Draw rectangle ABCD. Then draw a
dilation of rectangle ABCD using a scale
factor of %. Label the image PQRS.

. . See margin.
b. Find the ratio of the perimeter of the

image to the perimeter of the original
figure. How does this ratio compare to
the scale factor? %; they are the same.

c. Find the ratio of the area of the image to
the area of the original figure. How does
this ratio compare to the scale factor?

% it's the square of the scale factor.



CHAPTER SUMMARY

8ig ldea @

8ig ldea @ ‘;

Big ldea @ ]

- BIG IDEAS

For Your Notebook

Using Ratios and Proportions to Solve Geometry Problems

= You can use properties of proportions to solve a variety of algebraic
- and geometric problems.

E 6 D 18 c

- For example, in the diagram above, suppose you know that AB _ ED

- Then you can write any of the following relationships. BC bC

18
6

5.6 .18 = X _
o= 518 = 6x S

5+x_6+18

X
18 X 18

ele))

Showing that Triangles are Similar

- You learned three ways to prove two triangles are similar.

I AA Similarity Postulate SSS Similarity Theorem SAS Similarity Theorem

- - AB _ BC _ AC - AB _ AC
. 1L4AA=A§? anAdDLEg = /E, If DE=EF — DF then If /A= 2D and DE = DF
- then ~ : AABC ~ ADEF, then AABC ~ ADEF.

Using Indirect Measurement and Similarity

T~ You can use triangle similarity theorems
12 to apply indirect measurement in order to
+~ find lengths that would be inconvenient or
I~ impossible to measure directly.

- Consider the diagram shown. Because the
* two triangles formed by the person and

12 the tree are similar by the AA Similarity

- Postulate, you can write the following

= proportion to find the height of the tree.

height of person height of tree

length of person’s shadow - length of tree’s shadow

I You also learned about dilations, a type of similarity transformation. In a
- dilation, a figure is either enlarged or reduced in size.

Chapter Summary

Additional Resources

The following resources are avail-

able to help review the materials in

this chapter.

Chapter Resource Book

- Chapter Review Games and
Activities

 Cumulative Practice

Student Resources in Spanish

@HomeTutor

Vocabulary Practice

Vocabulary practice is available at
my.hrw.com
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Extra Example 1

In the diagram, ABCD ~ FGHJ.

Find the scale factor.

20
B Cc

G
20 25
12 15

A 30 D F 18 J

5:3

414

' my.hrw.com
* Multi-Language Glossary
* Vocabulary practice

: For a list of « dilation « similar polygons « center of dilation

ﬁ?stulates and . gcale factor of a dilation - scale factor of two similar - reduction

! theorems, see

: : polygons .

fp.PT2. enlargement
VOCABULARY EXERCISES

Copy and complete the statement.
1. A_? isatransformation in which the original figure and its image are similar. dilation
2. If a dilation results in a figure that is smaller than the original, itis a(n) _? . reduction

3. The ratio of the side lengths of two similar figures is the _? . scale factor

REVIEW EXAMPLES AND EXERCISES

Use the review examples and exercises below to check your understanding
of the concepts you have learned in each lesson of this chapter.

m Use Similar Polygons

In the diagram, EHGF ~ KLMN. Find the E 12 H K 18 L
scale factor.

10
From the diagram, you can see that u W
EH and KL correspond. So, the scale factor F % v 2
. EH _12 _2 G
of EHGF to KLMleE Shich: 2 y
EXERCISES
: EXAMPLES In Exercises 4 and 5, determine whether the polygons are similar. If they
2and4 ......... are, write a similarity statement and find the scale factor.
¢ forExs. 4-6 4. A B F 6 5. Y a_6 R
[ [] NN o
8 0 25 5 10
u N :
D 172 c LT
E 6 H X 20 Z

similar; ABCD ~ EFGH, 3 similar; AXYZ~ APOR,
6. POSTERS Two similar posters have a scale factor of 4:5. The large
poster’s perimeter is 85 inches. Find the small poster’s perimeter. 68 in.

414  Chapter 6 Similarity
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Chapter Review Practice

m Relate Transformations and Similarity

: EXAMPLE

: for Exs. 7-8

| EXAMPLE ] A
ABCis similar to DEC. Describe a combination of
transformations that moves ABC onto DEC. A

SOLUTION

A dilation with center C and scale factor 2 moves
ABConto A'B'C. Then a rotation of A'B'C with center
Cmoves A'B'C onto DEC.

EXERCISES

The blue triangle is similar to the red triangle. Describe a combination of
transformations that moves the blue triangle onto the red triangle.

7. 8.

Sample answer: dilation with Sample answer:

translation down and
left followed by a
dilation with scale
factor 2

scale factor % followed by a
reflection through a vertical line

m Prove Triangles Similar by AA

9.

ZRSQ= L UST
by the Vertical
Angles Theorem
and it was given
that £ Q= «T
making ASQR ~
ASTU using the
AA Similarity
Postulate.

: EXAMPLES

Determine whether the triangles are similar. D

If they are, write a similarity statement. 29°
A @ B
F - E

Explain your reasoning.
c

Because they are right angles, Z F = / B. By the Triangle Sum Theorem,
61° + 90° + m£ E = 180° so m£E = 29° and £ E = ZA. Then, two angles of
ADFE are congruent to two angles of A CBA. So, ADFE ~ A CBA.

EXERCISES

Use the AA Similarity Postulate to show that the triangles are similar.
9. R 10. C B F E
T ’j i

U

11. CELL TOWER A cellular telephone tower casts a shadow that is 72 feet
long, while a tree nearby that is 27 feet tall casts a shadow that is 6 feet
long. How tall is the tower? 324 ft

Chapter Review 415

Extra Example 2
Use the art from Exercise 5 in
Lesson 6.1. Describe a combination

of transformations that moves XYZ
onto POR.

Translate XYZso that Xlands on P.
Rotate XYZso that XZlands on PR.
Dilate XYZso that Zlands on R.
Then Ylands on Q.

Extra Example 3
Determine whether the triangles

are similar. If they are, write a
similarity statement. Explain your
reasoning.
/
X Z
60° 40°
R T

Z R= ~ X By the Triangle Sum
Theorem, 40° + 60° + m/ S = 180°,
som/S=280%and £ S= /Y.

A RST ~ A XYZhy the AA
Similarity Postulate.

415



Extra Example 4

Show that the triangles are similar. m Prove Triangles Similar by SSS and SAS
A 20 D Triangle Sum L
32 2 1B~ Theorem, Show that the triangles are similar. y
mZz D =60°so . X
Ac_3_8, BC_21_38 s A= /D. Notice that .the lgngths of two pairs of N "
DC 20 & EC_15 5 /C= /Fhythe corresponding sides are proportional. X = > v
the sides are proportional. The Right Angles Wz _ 14 _ 2 VZ _ 20 2 W
included angles for these sides are gﬁ:g::;"cs‘; YZ 21 3 XZ 30 3 w
Vegg?zl%gz‘s' st) ;;'4[,?5 Eh AABC ~ A D'EF The included angles for these sides, £ XZYand £ VZW, are vertical angles,
éAs St “T‘h y the using the AA $0 ZXZY = £ VZW. Then AXYZ ~ AVWZby the SAS Similarity Theorem.
imilarity Theorem. Similarity
Postulate.
Extra Example 5 EXERCISES

: EXAMPLE 4 Use the SSS Similarity Theorem or SAS Similarity Theorem to show that

Determine whether DE || AC. for Exs. 12—13 | the triangles are similar. 12, 13. See margin.

> p» 0

21 12. c
@_12_3_BE_21=%50

13. T
4 45
12 E BN5D - U
& 8 7 10 9
S 1 R 14 Q
DA~ 4 TEC 1
N
%\
o 2y

BD _ BE pf: ac
A= EC DE s parallel to AC by
Theorem 5.

m Use Proportionality Theorems

4 _35

12. Since Sl and the included Determine whether MP || LQ.
angle, Z C, is congruent to itself, Begin by finding and simplifying ratios
A BCD ~ A\ ACE by the SAS of lengths determined by MP.
Similarity Theorem. NM_8_2 NP _24_2 , 0
13. Since 2. = 1 =1, A 0RU ~ ML 41 PQ 12 1
A @ST by the SSS Similarity Because 11\\]/1_]\2 = ];%, ‘MPis parallel to LQ by the Triangle
Theorem. . .

Proportionality Converse.

EXERCISES

: EXAMPLE2 Use the given information to determine whether AB | CD.
for Exs. 14-15 14. D 0 15. C D
B 135 12
A B
In 16
20 4 % 25 20
E E
not parallel parallel

416  Chapter 6 Similarity
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Chapter Review Practice

(X3 Perform similarity Transformations

: EXAMPLE 1

EXAMPLE

Draw a dilation of quadrilateral FGHJ with vertices F(1, 1), G(2, 2), H(4, 1),
and J(2, —1). Use a scale factor of 2.

First draw FGHJ. Find the dilation of each v
vertex by multiplying its coordinates by 2. \
Then draw the dilation. G
@, 3) - (2%, 2y) aff < H
F1,1) > 2,2 X
G2,2) - (4,4) J

H@4,1) — 3, 2)
J2,-1) >4, -2

EXERCISES

Draw a dilation of the polygon with the given vertices using the given scale
factor k. 16-18. See margin.

16. T(0, 8), U6, 0), V(0, 0); k = %
17. A6, 0), B(3,9), C(0,0), D3, 1); k= 4
18. P(8,2), Q4,0), R(3, 1), S6, 4); k= 0.5

Chapter Review

417

Extra Example 6

Draw a dilation of quadrilateral
ABCD with vertices A(0, 0), B(1, 1),
C(2,1), and D(2, —1). Label the
image RSTU. Use a scale factor of 3.

bl
S | T
|8/ c
A
R D 5 x
U
16. y
4
—4 X
17. y
2
-2 x
18. y

417



Additional Resources

Assessment Book

- Chapter Test, Levels A, B, C
- Standardized Chapter Test
« SAT/ACT Chapter Test

« Alternative Assessment

ExamView™ Assessment Suite

Chapter Test 5. similar;

. ADEC ~ NDAB,
Easily-readable reduced AA Similarity

copies of Chapter Test B, the Postulate
Standardized Chapter Test,

. 6. similar;
and the Alternative Assessment ANKJ ~ ANML,
from the Assessment Book can SAS Similarity
be found at the beginning of this Theorem

chapter.

In Exercises 1-3, use the diagram where A PQR ~ AABC.

1. List all pairs of congruent angles.
ZPand ZA, ZQand £/B, Z/Rand £C = B 5 2 ¢
2. Write the ratios of the corresponding sides in a 12 21 10
statement of proportionality. x _ 20 _ 10 X
) 21" u 12 /
3. Find the value of x. 17.5 R 2 a

Determine whether the triangles are similar. If so, write a similarity
statement and the postulate or theorem that justifies your answer.

4. N 5 _y 5 B 6. L M
0 X c N
20 " S 21N \8
) 7 85
M 7 62 33 K J
- A E D
not similar

In Exercises 7-9, find the length of AB.

7. B c 08 ol w5 il ud 9. B
N 10 30
E A
7 c B p o ¢
16.2 40 A 52
78
24
Determine whether the dilation from Figure A to Figure B is a reduction
or an enlargement. Then find its scale factor.
10. y 11. y
A
T~
—1
B B —— T
L] L] 9 x
! A
‘ —
T -
enlargement; g reduction; %

12. SCALE MODEL You are making a scale model of your
school’s baseball diamond as part of an art project.
The distance between two consecutive bases is

90 feet. If you use a scale factor of ﬁ to build your

model, what will be the distance around the bases
on your model? 2 ft

418  Chapter 6 Similarity
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xy) ALGEBRA REVIEW I

SOLVE QUADRATIC EQUATIONS AND SIMPLIFY RADICALS

my.hrw.com

A radical expression is simplified when the radicand has no perfect square factor
except 1, there is no fraction in the radicand, and there is no radical in

a denominator.

[ Xy , Solve quadratic equations by finding square roots

Solve the equation 4x? — 3 = 109.

4x* — 3 =109 Write original equation.
4x* = 112 Add 3 to each side.
x> =28 Divide each side by 4.
x=2V28  Vab=va-Vb,s0V28 = £V4-\7.
x=*2V7 Simplify.

XV ] , Simplify quotients with radicals

Simplify the expression.

10 i
Solution
10 5 . . . 1_ 1
a \g = \E Simplify fraction. b. \5 = E
_V5  @_va - L.V5
va \b ™~ Vp' V5 V5
-5 Simplify. = ﬁ
= 5
EXERCISES
: EXAMPLE 1 | Solve the equation or write no solution.
£ for Exs. 1-9 1. X2+ 8=108 =10 2. 2x% —1=49 =5
4. 5x>+ 11 =1 nosolution 5. 2(x*-7)=6 =10
7. 3x* — 17 =43 =2\5 8. 56 — x* =20 =6
: EXAMPLE2 | Simplify the expression.
i for Exs. 10-17 [7 V1 [3 V15 24 2v2
10 ya7 9 . 5 5 12. V%7 5
[75 5V3 V2 1 9 /3
14. = 15. —= 16. —— V3
Vesa 8 200 10 Nexa

<
Q]

Vb

[@=Va andvi =1.

=

Multiply numerator and
denominator by V5.

Multiply fractions.
Va -+« Va = a.

3. x2—-9=8 V17
6. 9 =21 + 3x% no solution
9. —3(—x%+5) =39 *3\2

13, 3V7 V21
Viz 2
21 V2

17. \“E 2

Algebra Review 419

Extra Example 1
Solve the equation 3x2 + 20 = 140.

+2V10

Extra Example 2
Simplify the expression.

14 V1
a.—BT
1V3
b.\gT

419



Using Rubrics

The rubric given on the pupil page is
a sample of a three-level rubric.
Other rubrics may contain four, five,
or six levels. For more information on
rubrics, see the Differentiated
Instruction Resources.

Test-Taking Strategy

One strategy to help solve the
extended response question is to
make another drawing that is sim-
plified. Separate the triangles and
label each with points, dimensions,
and any congruent pairs of corre-
sponding parts. Students should
note that £ QPR = ~/ Thecause
both are right anglesand £ Q= £ Q
by the Reflexive Property. This lets
them conclude that the triangles
are similar by the AA Similarity
Postulate. Then students should
use the new drawing to help them
write a proportion about the

height of the tree.

Teaching Strategy

For part (c) of the Sample 1 solu-
tion, students may think that the
student has to change his position
as the position of the sun changes.
Point out thatitis the length of

the shadow that changes, and that
is reflected in the position of the
point Q.

® * standardized TEST PREPARATION

Scoring Rubric

Full Credit
« solution is complete
and correct

Partial Credit

« solution is complete
but has errors,
or

« solution is without
error but is
incomplete

No Credit

* no solution is given,
or

« solution makes no
sense

The reasoning is
complete.

The proportion and

calculations are correct.

In part (b), the question is

answered correctly.

( PROBLEM B

EXTENDED RESPONSE QUESTIONS

To find the height of a tree, a student 63 inches in height measures the
length of the tree’s shadow and the length of his own shadow, as shown.
The student casts a shadow 81 inches in length and the tree casts a
shadow 477 inches in length.

a P T

a. Explain why APQR ~ ATQS.
b. Find the height of the tree.

c. Suppose the sun is a little lower in the sky. Can you still use this
method to measure the height of the tree? Explain.

Below are sample solutions to the problem. Read each solution and the
comments on the left to see why the sample represents full credit, partial
credit, or no credit.

SAMPLE 1: Full credit solution

a. Because they are both right angles, Z QPR= £ QTS. Also, £ Q= £Q
by the Reflexive Property. So, APQR ~ ATQS by the AA Similarity

Postulate.
b PR _ 1S
) PQ TQ
63 _ IS
81 477
63(477) =81 - 1S
371 =TS

The height of the tree is 371 inches.

c. Aslong as the sun creates two shadows, I can use this method.
Angles RPQ and Twill always be right angles. The measure of £ Q

will change as the sun’s position changes, but the angle will still be
congruent to itself. So, A PQR and A TQS will still be similar, and I
can write a proportion.

In part (c), the reasoning
is complete and correct.

420 Chapter 6 Similarity
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SAMPLE 2: Partial credit solution

-------------------------------- » | a. APQR~ ATQS by the Angle-Angle Similarity Postulate.
In part (a), there is no b PR TS

explanation of why the PQ TP
postulate can be applied.

63 _ TS
.............................'...) 31 396
In part (b), the proportion

is incorrect, which leads 308 =TS

to an incorrect solution. . . .
The height of the tree is 308 inches.

-------------------------------- »  c. Aslong as the sun creates two shadows, I can use this method

In part (), a partial because the triangles will always be similar.
explanation is given.

SAMPLE 3: No credit solution

-------------------------------- » a. The triangles are similar because the lines are parallel and the angles
The reasoning in part (a) are congruent.
is incomplete.

................................ > b. TS = 371 inches
In part (b), no work is

oW, » ¢ No.The angles in the triangle will change, so you can’t write a

The answer in part () is proportion.
incorrect.

PRACTICE

Apply the Scoring Rubric

1. A student’s solution to the problem on the previous page is given below.
Score the solution as full credit, partial credit, or no credit. Explain your
reasoning. If you choose partial credit or no credit, explain how you would
change the solution so that it earns a score of full credit.

a. LQPR = LPTS, and ZQ is in both triangles. So, APQR ~ ATQS.

' PQ ST
65 _ 477
&l X
63x = B1(477)
x = 613.5

The tree is about 613.3 inches tall.

c. The method will still work because the triangles will still be similar if the
sun changes position. The right angles will stay right angles, and ZQ is
in both triangles, so it does not matter if its measure changes.

Test Preparation 421

Answers
1. Partial credit.

Sample answer: In part (a) the
student correctly identifies what
is needed to prove the triangles
similar but does not identify the
theorem or postulate used.

In part (b) the student sets up the
incorrect proportion and gets the
wrong answer. The proportion

PR_TS
should be PO T0

Part (c) is correct.

421



Answers

1a. £ ACB = Z ECD by the
Vertical Angles Congruence
Theorem, £ B = / Dis given,
so A ABC ~ A EDC by the

AA Similarity Postulate.

1b. 15

1c. 33; the ratio of the perimeters
of the two triangles is the same as
the ratio of the lengths of corre-
sponding sides in the triangles.

2a.Min., 30in., 11 in.; since

AG = BD and AG = 41 inches, then
BD = 41 inches. Theorem 6.6 along

with AG = BD guarantees BC =
30 inches and CD = 11 inches.

2b.27in.;if 3 || lines intersect
2 transversals, they divide the
transversals proportionally, so
PN _ GH

NM  HA
2c. No. Sample answer: The

. AM . . NH
ratio 70 is not equivalent to PG’

MN __ AH .
e a6 S° all corresponding
sides are not in proportion.

3a. Yes; %; corresponding angles
are congruent and the ratios of

corresponding sides are equal.

3b.120in., 864 in.%; 80 in.,
in239

384 in.5 >3

3c. 8,000in.,18,000 in.; divide

each area by 144, then multiply

by 250 - 12.

3d. 2.25 times greater; the large
rug uses 2.25 times as much yarn.

4a. AA Similarity; both triangles
have £ 0, and £ PSO and £ QRS
are right angles so they are con-
gruent which makes the triangles
similar by AA.

4b. (9, %) solve the proportion

3
=

[T-2K1,]

4c. %a; equation of the line is

422
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EXTENDED RESPONSE

1. Use the diagram.
a. Explain how you know that A ABC ~ AEDC.
b. Find the value of n.

B
4
c. The perimeter of A ABCis 22. What is the perimeter
of AEDC? Justify your answer. 10| /€ )
A

2. On the easel shown at the right, AB | HC| GD, and
AG= BD.

a. Find BD, BC, and CD. Justify your answer.

b. On the easel, MPis a support bar attached to AB,
HC, and GD. On this support bar, NP = 10 inches.
Find the length of MP to the nearest inch. Justify
your answer.

c. The support bar MP bisects AB, HC, and GD. Does
this mean that polygons AMNH and AMPG are
similar? Explain.

3. Ahandmade rectangular rug is available in two sizes at a rug store. A

small rug is 24 inches long and 16 inches wide. A large rug is 36 inches long

and 24 inches wide.

a. Are the rugs similar? If so, what is the ratio of their corresponding
sides? Explain.

b. Find the perimeter and area of each rug. Then find the ratio of the

perimeters (large rug to small rug) and the ratio of the areas (large rug

to small rug).

c. Ittakes 250 feet of wool yarn to make 1 square foot of either rug. How

many inches of yarn are used for each rug? Explain.

d. The price of alarge rugis 1.5 times the price of a small rug. The store
owner wants to change the prices for the rugs, so that the price for each
rug is based on the amount of yarn used to make the rug. If the owner
changes the prices, about how many times as much will the price of a

large rug be than the price of a small rug? Explain.
4. In the diagram shown at the right, (()_Q) passes
through the origin.
a. Explain how you know that A OPS ~ A OQR.

b. Find the coordinates of point Q. Justify your answer.

P(5,3)

<>
c. The x-coordinate of a point on OQ is a. Write the 0
y-coordinate of this point in terms of a. Justify
your answer.

Chapter 6 Similarity
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MULTIPLE CHOICE GRIDDED ANSWER 6.0
5. If APQR ~ ASTU, which proportion is not 8. Find the value of x. 71.B
necessarily true?
PO PO J K 8.6
_ ST _ PR
® @ ~TU SU- TU 9.24
PR _ QR PQ_ st 10.3.75
© -1 ©® R =su W m 11.80°
6. On a map, the distance between two 9. In the diagram below, A PQM ~ ANMR, and 12a.1in.

MR= QR.1f NR = 12, find PM. 12b. Greater than. Sample answer:

cities is 2% inches. The scale on the map
The distance will be 2 inches.

is 1 in.:80 mi. What is the actual distance P
between the two cities? 13.24in.,12 in., 288 in.%; use the
@ 160 mi 180 mi N area and the fact that the length is
. ) twice the width to find the length
© 200mi ©® 220 mi : , and width of ABCD to be 8 inches
M R - ; -
7. In the diagram, what is the scale factor of the f::: dl I:I(:Z‘::;]g:he;:s ‘r’:it;:ho;: 3
dilation f APQRto ATUV? 10. Gi GE = 10, find HE. -y .
ilation from APQR to tven n EFGHto be 24 inches and 12 inches
NE E and the area to be 288 square
3 H 12 inches.
U
G 20 F
T| - 4 x . .
11. In an acute isosceles triangle, the measures

of two of the angles are in the ratio 4: 1. Find
the measure of a base angle in the triangle.

N N
W W=

®
© ©)

SHORT RESPONSE

12. On a school campus, the gym is 400 feet from the art studio.

a. Suppose you draw a map of the school campus using a scale of
% inch: 100 feet. How far will the gym be from the art studio

on your map?

b. Suppose you draw a map of the school campus using a scale of

1

2

this map be greater than or less than the distance on the map in
part (@)? Explain.

inch:100 feet. Will the distance from the gym to the art studio on

13. Rectangles ABCD and EFGH are similar, and the ratio of ABto EFis 1:3.
In each rectangle, the length is twice the width. The area of ABCD is
32 square inches. Find the length, width, and area of EFGH. Explain.

Test Practice 423
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